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'VH.A.T A
IERICAN ZOÖLOGISTS IIA VE DONE FOR 
EVOLUTIO
.l 


By PROFESSOR EDWARD S. MORSE. 


1. 
I T would be pleasant indeed if only a lecture or an essay were ex- 
pected from the presiding officer of the Section; but an address 
implies a great deal more, and the giver of it is not only expected to 
he entertaining, where perhaps he never entertained before, but in- 
structive upon grounds upon which, perchance, he has made but par- 
tial survey. ...t\mong the many questions of sustaining interest, a 
number of subjects intrude themselves. A general review of the 
work accomplished since the last meeting of the Association would 
seem an appropriate subject for discourse. Yet beyond my special 
studies I feel quite incompetent to scan so broad a field. In this year 
of Centennial reviews, one might naturally fall into an attempt to 
sketch the growth of science and the work accomplished within the 
last hundred years, but that would not only be too vast a field, but 
would on the whole be unprofitable, since time-boundaries, like the 
surveyor's lines bordering a State, have no definite existence in Na- 
ture. The natural boundaries of oceans and sierras do indeed isolate 
and impress peculiarities of thought and action upon man, as upon the 
creatures below him, and for this' reason we may with propriety ex- 
amine the work of our nation in any line of investigation. N ever be- 
fore has the study of animals been raised to so high a dignity as at 
present. 'Vhile chemistry could point to its triumphs in the arts, and 
geology to the revelations of hiL1den wealth in the rocks, zoölogy was 
for the most })art a nll're adjunct to geology, or a mpans to thwart the 
1 An address delivered at the meeting of the American Association for the Advance. 
ment of Science. Rcad at Buffalo, New York, August, 1876. By Edward S. Morse, 
Vice-President Biological Section. 
.OL. x.-1 
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ravages of insects. Now, however, it is the pivot on which the dóc- 
trine of man's origin hinges. The worlds themselves ,are too old to 
study, though the spectroscope l'eveals the existence of celestial pro- 
toplasm as their physical basis. The rocks are too rigid and the time 
too immense to conle within the compass of our minds, but the living 
facts of evolution are with us to-day in these graceful forms and their 
constant changes, while the records morc or less preserved in })rrst times 
give us a clew to things hinted at in the earlier changes of present ex- 
isting forms. It seems, tilcrefore, at the present tinle, tl)at a review 
of the work accomplished by .American students for the doctrines of 
natural selection might be acceptable for several reasons, and first 
among them might be mentioned the fact that thus far no general re- 
view of the kind has been made; and, secondly, tbat with few cxcep- 
tions all the general works upon the su1ject are from English or Ger- 
man sources, and filled with the results of wOl'k done there oftentimes 
to the exclusion of work done elsewhere. The oft-repeated examples in 
support of tile derivative theory belong to Europe. The public are fa- 
miliar with these facts only, and come naturally to believe that these 
examples alone exist, and from their remoteness do not carry the 
weight of equally or perhaps more suggestive facts whicll lie concealed 
in the technical publications of our own societies. A review of the 
work accomplished by American students bearing upon the doctrine 
of descent must of necessity be brief. Even a l"eview of a moiety of 
the work is beyond the limits of all address of this nature. And for 
obvious reasons I must needs here restrict it to one branch of biology, 
namely, zoülogy. :For material, the scientific publications of the coun- 
try have been scanned, and an attempt has been made to bring to- 
gether the more prominent facts bearing upon natural selection. In 
this review the zoülogical soicnce of the country presents itself in two 
distinct periods: The first l)eriod, embracing as to time-limits the 
greatest portion, Inay be recognized as embracing the lowest stages of 
the science; it included among others a class of men who busied them- 
selves in taking an inventory of the animals of the country, an im- 
pOl'tant and necessary work to be compared to that of the hewers and 
diggers who first settle a new country, but in their work demanding 
no deep knowledge or breadth of view. And so the work to ùe done 
in tabulating the animals has lnore often been doue oy specialists who 
neither knew nor cared to know the facts lying beyond the limits of 
their studies; a work of\;en prompted by the same spirit that one sees 
mnong childrcn in tlle collection of birc1s'-eggs and postage-stamps. 
The workers in this cbss were ...compared by Agassiz to those who 
make the brick and shape the stone for the edifice, an indispensable 
work, but with it was raised. not the edifice but an almost insl1pel"able 
barrier against the acceptance of views more in accordance with rea- 
80n and common-sense. So thoroughly interwoven with this work 
were certain conceptions believed to be infallible, that overpowering 
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indeed has been the arg.ument to render as coadjutors the yery men 
who so thoroughly opposed Darwin at tbe outset. It seems unneces- 
sary to point out the mode of work aJopteù by the class aùove de- 
scribeJ. Their honor involved as soon as their name had been at- 
tached to a supposed new species, and any deviation from the type 
oftentimes persistently overlooked, what wonder, when every local 
variety received a new name and that name stamped upon a supposed 
valid creation-what wonder, I repeat, that whole groups of animals 
have been so thoroughly scourged by such work that few ba,'e the 
courage to engage in the task of revision? 
Emerson's reflections on tbe science of England in 1847 would 
apply with far more propriety to our country even at a much later 
date, where in his worc1s " one lwrmit finds this fact and another finds 
that, and lives and dies ignorant of its value." 'Yith tbe ])oùle ex- 
amples of Dana, Wyman, Leidy, and Burnett, before them, they did 
not profit. In fact, the labors of these honored men, and early ill the 
century Lesueur and otLers, gave the country its largest claim to 
recognition abroad. The second period elates from the adyent of 
Agassiz ill this country. 1Yith his presence a gradual but entire 
change took place. lIe rendered the study a dignity rather thau a 
pastime. No longer wei.e the triflers to fling their loose work before 
the academies unrebuked. The protests he uttered in tbis Association 
were the means of elevating the tone of the communications. In 
fact, notl1Ïng indicates the poverty of our attainments in zoülogy more 
than an examination of the volumes preceding Agassiz's presence and 
tbe succeeding volumes. 'Vith his honest repudiation of all that was 
bad, he frightened away the lighter chaff, and tbere was but little 
solid work left to take its place. Agassiz made men, and his example, 
and the methocls of work taught by him, sprC'atl to other })arts of 
the country. lIe brought the American student into intimate ac- 
quaintance with the classical work of European naturalists. In lJis 
public lectures the names of Cuvier, Von Baer, Leuckart, and others, 
became familiar. The public caught the enthusiasm of this great 
teacher, and money was lavishly given by the citizens ancl the State 
in aid of his scientific undertakings. Agassiz's earnest protest against 
evolution checked the too hasty acceptance of this theory among 
.American students. But even the weight of his powerful opposition 
could not long retard the gradual spread of Darwin's views; and 
now bis own students, last to yield, have, with hardly an exception, 
adopted the general view of derivation as opposed to that of special 
creation. The results of his protest have ùeen beneficial in one 
sense. They have prompted the seeking of proofs in this country, 
and now our students are prepared to show the results of their work 
in evidence of the laws of progressive development, and it is mainly 
this work that I wish to review. So much is claimed for birthplace 
that, in the way of history, it may not be amiss to can attention to 
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tbe fact that the first clear In-emonition of the theory of natural selec- 
tion came from this country. 
'\Villimn Charles '\Vells, born in tbis country, at Charleston, Soutb 
Carolina, in 1757, in a paper read before the Hoyal Society, in 1813, 
first substantially originated the theory to account for the black skin 
of tbe negro. He limits his application to races of men and certa-in 
peculiarities of color, correlated with an immunity from certain dis- 

ases; in proof of it he cites domesticated animals, and the selection 
by man in precisely the same line of argument urged by Darwin. In 
the preface to the last edition to the "Origin of Sl)ecies," Darwin 
l'efers to \Vel]s's essay as entitled to the credit of containing the ear- 
liest known recognition of the IJrinciple. Dr. Wells first shows that 
varieties among men as among animals are always occurring, and 
having cited the way in which man selects certain qualities among 
domesticated animals and t.hus secures different breeds, calls atten- 
tion to the well-known fact that the black as well as the white races 
are differently affected by certain diseases of tbe countries which 
they inhabit. He finds a coincidence between the immunity from 
certain diseases and the black color of the skin, though why this is 
so he does not attempt to explain. lIe thinks that, tlnough the suc- 
cessive sm'vival of <.lark skins, the dark variety of tIle human race 
has become fixed. Referring to the man's selective action rC'garc1ing 
domesticated animals, be says: "But what is here done by art seems 
to be done with equal efficacy, though more slowly, by Nature, in the 
formation of varieties of mankind fitted for the country which they 
inhabit." These sentences have such a Darwinian sound that, when 
we remember they were dragged fronl obscurity by:l\Ir. Danvin him- 
se]f, we can share in what a l'ecent writer 1 happiJy calls" 1\lr. Dar- 
win's evident delight at discovering that some one else had said his 
good things before hhn, or has been on the verge of uttering them," 
As early as 1843, Prof. Hal<.leman 
 discussed some of the arguments 
brougllt forward by the oPl)onents of the Lamarckian theory, and 
offered certain views in fayOl. of the tran
nlUtation of species. 1Yhile 
he does not Lint at the laws of natural selection, be recognizes fuBy 
the .value of varieties and their persistency and ultimate diyergence. 
lIe says, "Although we may not IJe able artificiaHy to produce a, 
change beyond a given l)oillt, it woulcl be a hasty inference to suppose 
that a physical agent acting gratlualJy for ages could not carry the 
variation a step or two farther, so that instead of the original one we 
will say four vari(:ties, they might amount to six, the sixth being suf- 
ficiently unlike the earlier O.aes to induce a naturalist to consider it 
distinct." 
In the year 1850, Dr. Joseph Leidy, in a paper on entophyta in 
living animals, wrote as fol.lows: "The essential conditions of life are 
1 Gray's II Dar\\ iniana," p. 284. 
i Journal of the Boston Socicty of J\"P"atural History, vol. iv., p. 368. 
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five in number, namely: a germ, nutritive matter, air, water, beat, 
tbe four latter undoubtedly existing in the interior of all animals." 1 
Dr. Leidy aflìrffis his belief that very slight modifications of these essen- 
tial conditions of life were sufficient to produce the vast variety of lÏ\-. 
ing beings upon the globe. The theory of derivation based upon tbe 
principles of natural selection demands the following admissions: that 
species vary, that peculiarities are transmitted or inherited, that a 
greater number of individuals perish than survive, and that the physi- 
cal features of the earth are now and have been constantly changing, 
and tbat precisely the same conditions never recur. These are ad- 
mitted facts. N ow comes the theoretical part of natural selection, 
namely, that the varieties which survive are tbose which are more in 
harmony with the environments of the time. These propositions, 
with minor ones, form tbe theory of Darwin. Lamarck and others 
had recognized the grac1ual enhancement of yarieties into species, but 
had not struck the key-note of natural selection, though 'Yells in the 
beginning of the century haù clearly recognized it in a pertinent 
example. If we look impartially at these propositions, we neea no 
demonstration to prove the inheritance of characters the most minute, 
and even the perpetuation of the most subtile features. 
On ge.neral princil)les, too, the proposition, that those indi\'iduals 
best adapted to their surroundings survive, need only be stated to be 
accepted by a reasonable minJ. In truth, to deny it would be to 
deny, as Alphonse de Callc1011e says, that a round stone would roll 
down-hill faster and farther than a flat one. lndeetl, this eminent 
botanist affirms that natural selection is neither a theory nor an hy- 
pothesis, but the explanation of a necessary fact. The constant physi. 
cal changes in the past and present condition of the worlel are incon- 
troyertibly established. It seems, then, that the prime question re- 
solves itself into whether each species as a whole has something 
inherent which prompts it to vary irrespective of its environments, or 
whether a correlation crrn be established between the variation of spe- 
cies ana certain physical conditions inducing these yariations, and 
here let me add that of all gronps of animals from species through 
genera to higher di,.isions, that group of individuals recognized as a 
species has the most tangihle existence. And, as a proof of thi
, 
there nced only be mentioned the fact that many naturalists, while 
regarding 8pecies as clearly distinct, have on the other hand looked 
upon classification as an artificial method to facilitate the study, and 
hence the innumerable schemes and the successive interpolation of sub. 
classes, sub-orders, sub.families, and sub-genera, which simply circum- 
scribed smaller proofs than had before been recognized. 
The rapid multiplication of some of these groups ha
 already 
formed a serious obstacle to the study of systematic zoölogy. 
'\Vhat would good Dr. 
litchell have said if he could have foreseen 
1 "Proceedings of the Philosophical Academy," vol. iii., p. 7. 
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the generic lists of to-day! In an article on the" Proteus of Lake 
Erie," he expressed his aversion to multiplying names in zoölogy, 
ana lamented the tendency. lIe protested as follows, fifty years ago: 
" By some, these innovations have 1een so want011ly introduced, as 
almost to thrcaten in the end the erection of every species into a dis- 
tinct genus." 1 Though these words were undoubtedly aimed at Rafi- 
ne
que, they were none the less prophetic. 'Vhatever may be saia 
of the exif'tence in nature of other gronps, there can 1e no question 
that sl'ecies have the most definite existence, and it would seem then 
that nothing more need be proved for the theory of descent as 
opposed to the tlJeory of special creation, than the establishment of 
the fact that species assume the characters of new species, or disa p- 
pear altogether with a change üf surroundings. As examples might 
be cited, the transplanting of Alpine seeds to warmer regions below, 
and an accompanying change of the plant into another species before 
known in the warmer region, or, more remarkable still, the change 
of a species of Crustacean which lives in salt water, to another species 
with a partial freshening of the water, and this freshening slowly 
per
isted in, the form changing into another genus, and in so doing 
losing" one of its segments. III the first case we see the effect 01 
temperature, and in the second case the physical influence of salt and 
water in different proportions. 
Now, these and hundreds of similar examl)les can be incontestably 
proved. 
E,en the prolonged existence of the form of some animals, like 
Lingula, may be referred to an inherent vitality which enables them 
to survive changes that caused the death of thousands of otJW1's. . 
In an early discussion of Darwin's theory,2 Prof. Agassiz cited the 
p(
rsistence of Lingula as fatal to the theory, and Prot \Yilliam B. 
}1 ogers replied that the vital chal'acters of some animals woula enable 
them to survive above other
. Ten years later, I Il:1d an o}Jportunity 
of studying living Lingula on the coast of North Carolina, and 
brought specimens home alive in a small jar of water, and kt'pt then} 
in a common bowl for six months without the slightest care. Tbeir 
power of surviving under changed conditions-their vitality, in other 
words-seems incredible. 9 (For further details, see reference l)elow.) 
It has for a long time been suspected that the species of lJIollusca, 
descrihe
1 in such })rofusion in this country, would be reduced when 
the sHg-hte:st attention to their habits had been made. Dr. James 
Lewis 4 long ago observed that a certain species of fresh-water mussel, 
des{'rihed as Alasmoclonta truncata, is only the truncate form of 
another species, A. marginata. From a careful study of the condi- 


1 Amnicon Journal of Science and Arts, .01. .iL, 1829. 

 U Proceedings of the Boston Society of KaturallIistory," .01. yiL, p. 231, December 
Hi, ] 860. 
s Ibid., .01. xv. , P . 315. 4 Ii d 1 1 9 1 
Ji ., YO . Y., p. _. 
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tions surrounding the first form in the :::\Iohawk Hiver, he had reason 
to believe that the rapid currents which pass over it bear along sub- 
stances that, coming in contact with the exposed edges of the sheH, 
break them down, thus retarding the growth of the shell at this }Joint, 
and the animal concentrates its growtlJ-powers to the repairs of the 
broken portion. The same gentleman also shows that the so-called 
species Lymnæa elodes, catascopÙtJit, and rnarginata, "are modifica- 
tions of one t)rpe or species, infhH.'llccd by locality and teml,erature 
varying the method of de,relopment." 1 
A. G. 'Vetherhy \I calls attention to the variation in form of a group 
of fresh - water snails, found in the greatest abundance in certain 
streams of Tennessee and North Alabama. In showing the varied 
influences they are subjected to he cites the rapid currents of the 
channels, and the grcater liability of the snails being tOl'n from the 
rocks. lIe shows that they are exposed in various ways to the effects 
of these currents, with all their changing impetus of high and low 
water-exposed also to privation of food from the scouring sand re- 
movi!1g the confel'væ, upon which they subsist, from the rocks. He 
takes into account teml)eratl1re, chemical action, and the like, and 
says, "No greater vicissitude can be imagined than this growth in an 
unstahle element." Coincident with these diverse conditions he finds 
an enormous variety of forms, and frankly acknowledges tbat many 
of those deseribecl as distinct species must be reduced to synonyms. 
George 'V. Tryon, in his large work on the American l\Ielanians, 
published by the Smithsonian Institution, having finished his manu- 
script in 1865, says, unùer date of 1873, when tbe work was finally 
published, " A more enlarged acquaintance with fresb-water shells con- 
vinces me that a much greater reduction of the number'of species 
than I have attempted must eventually be made." 
If we now look upon the definition of a species, as given l)y a gen- 
tleman foremost in the ranks as a describer of species, we find it formu- 
la.ted as follows: A species represents "a primary established law, 
stamped with a persistent form (a type) pertaining solely to itself, 
with the power of successi':tely reproducing the same form, and none 
other;" and this gentleman has not hesitated to base these" primary 
organic laws" upon the evidence of a single specimen, and in some 
cases even the fragments of one bave offereù. him a sufficient induce- 
ment ! 
But it has been argued by some that a wide variation may be the 
case with many species. Prof. Agassiz,' at a meeting of the .American 
Academy, reiterated his opinion that what are called varieties by 
naturalists do not in reality exist as such. He found a gr
at abun- 
dance of diverging forms ill Echinorlerms, which, without acquaintance 


I "Proceeding
 of the llo
ton Society of Xatural History," yo1. v., pp. 121-128. 
g Proreedi.n[Js of Cincinnati Socid!1 of .L'
a!ltra' S'imce, 
o. 1, June, 1876. 
3 "Proceeùings of the _\'n
rican ..lcadcmy," vol. v., p. 72. 
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, 
with connecting ones, woultl be Jeemell distinct species, ùut Le found 
they all passed insensibly into each other. 
Prof. Parsons snggestell that more extendeL1 observations migl}t 
connect received species by intcrmediate forms, no less than so-called 
varieties; and Prof. Gray remarked that the intermediate forms, con- 
necti.ng by whatsoever numcrous gradations the strongly divergent 
forms lrith that assumed as a type of a species, so far from disproving 
existcnce of varieties, would seem to furnish the best })ossible proof 
that these were varieties. 'Yithout the intermediate fonns they would, 
it was saiù, be taken for species; thcir discovery reduced them to va- 
rieties, between which (according to the ordinary view), intermediate 
states were to be expected. 
Itecoguizing, then, the existence of varieties, and of varieties suffi- 
ciently pronounced to have led careful natura1ists to l'egard them as 
distinct species, what shall we say when it is found that these marked 
forms arc correlated with certain physical conditioDs, many of which 
have <ðriginated within comparatively recent times? Dr. J. G. 
Coo!)cr/ after a careful study of the California land snails, ascertained 
that "species, sub-species, and varieties, li dug in cool, damp situa- 
tions, become more }jighly developed (but not always larger) than 
the others; the shell assuming a more compact (imperforate) form, 
and losing those indications of innnaturity referred to, viz., sharp, deli- 
cate gculpture, bristles, and angular periphery. These characteristics, 
however, remain more or le::;s permanently for indefinite periods, and 
give that fixedness to the various forms, even when living lUHler the 
same conditions, which enables us to retain them as sub-species differ- 
ing from yarietics in permanency, and from raceß in not inhabiting 
distinct regiolls." It may be added tbat Stearns, Bland, and Binney, 
have likewise observed the same peculiar variations associated with 
aridity. 
In a broaJer field, anù compassing different classes, Prof. Spencer 
F. Baird, l\1r. J. A. ABen, and 1\11'. Robm.t Ridgway, have sevcrally 
shown that marked and specific changes are seen in birds and mam- 
mals corresponding to differcnces in their surroundings. Prof. Dainl, 
in a paper entitled" The Distributioll and l\1igratio1} of Korth Amer- 
ican Birds," 
 has shown that birds in high altitudes and those ùrcd at 
the North are larger than those born South and at low altitudes; that 
'''''estern birds of the same specics have longer tails tlwn eastern exam- 
ples, and that the bill increases in size in those birds occurring in 
Florida as compared with those found north of that State, and that on 
the Pacific coast the 1il'ÙS are darker in color than those found in the 
interior. · 
:\1r. J. A. Allen' has made a more special study of thi.s matter, and 
1 "P(.oceedings of the California Academy of Natural Science," vol. v., p. 128. 
2 American Jom'nal (If Bcience and A,rts, vo1. xIL, January and March, 1866. 
3" Proceedings of the ß03ton Society of Xatural History;' vo1. xv., p. 156. 
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his work ranks among the most important contributions to this sci- 
ence. 1\11'. Allen finds that there are marked gcographical variations 
in mammals and birùs. lIe shows that northern mammals of the 
same 
pecie8 arc morc thickly and softly furred, and that toward the 
south the peripheral parts, such as the ears and feet, are more devel- 
oped. The same law holds good in birds, a diminution in size bcing 
obsprved toward the south, and the individuals being darker in color. 
As one gocs south he meets with the same species of birds, whose 
bodies are shorter, but whose beak, tail, and claws, are longer. Ou 
the Plains, ah
o, he found the birds with IJlailler tints, while south- 
ward the colors became more intense. On drawing np a table indi- 
cating the regions of lighter varieties, and comparing it with a chart 
of mean annual rainfall, )11'. Allen found the lighter forms occurred 
in dry regions, and the dark forms in relatively humid regions. To 
sum up: l\1r. .Allen finds in latitudinal variation climatic influences 
aftecting color as well as altering the size of bill, claw, and tail, while 
longitudinal variation nsually affects color alone. 
lIe states that these laws are now so well known that a species 
may be predicted to assume a given color if under certain specific 
climatic conditions. 
)11'. Roùert Riùgway 1 has in a similar way called attention to the 
relation between color and geographical distribution in birds as ex- 
bibited in melanism and hyperchrOlnatism, and has shown that red 
areas "spread" or enlarge their fidel in proportion as we trace cer- 
tain species to the Pacific coast, and that in the same proportion yel- 
low often intensifies in tint. 
The results of these investigations can be easily understood. 

 eal
ly if not quite one hundred and fifty species of birds, which 
were recognized as distinct, are at once reduced to varieties, though 
less than twelve years ago they were looked upon as good species, 
with which no external influence ha<.1 anything to do. N early if not 
quite a fifth of the number of species of birds have becn reduced by 
the investigations of Baird, Allen, Coues, and Itidgway. 
The mammals, through the same study of geographical ,.ariation, 
will have been reduced at least one-fourtl1. Already )11'. J.\llen 2 
has sh1l1ied the geographical variation of the squirrels, and the 
result is that a reduction has been ma<.1e of one-half the 1mmber 
of species before recognized. Prof. Baird, in his monograph of 
North American squirrels, 1'educe<.1 the nmnbe1' f1'0111 twenty-four, as 
acknowledgecl by Auduhon ancl Bachman, to ten well-established 
species and two doubtful varieties. A.llen, with still greater' advautage 
in the sha.pe of a mass of material from the Western surveys, reduced 
the ten species to five species, with seven geographical varieties. 


1 American Journal of Science and _.:11-t8, vol. iv., December, 1872, p. 43.l, anù vol. v" 
p. 39. 
2 "Proceeùings of the Boston Society of X atural History," vol. xiv., p. 2713. 
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Shoulù it be urged that the present tenùency toward reducing 
species be taken as an evidence that species had not before been 
properly defined, then it offers a stronger argnment stil] in favor of 
the fact that s!)ecies are even more variable than bad before been 
supposed, leaving the greater possibility of larger numbers of these 
ultimately surviving. Again, the assumption that the limitation of 
specific variation had not been properly indicated, shows bow repre- 
hensible has been the work of some of those who have burdened out 
literature with their bad species. 
The fact is, the work has in a measure been justifiable, and is 
Dot to be wholly condemned. The workers in this line haye folIowecl 
the teachings of their masters. A group of individuals removed 
from an allied group of individuals by all extra dot or darker shade, 
perpetuating their kind from geueration to generation, marked with 
persistent characters, and in every way coming up to tIle standard 
recognized as s!)ecific, had tbe right to be judged as such. It is OIlly 
when a whole series of forms are collected, and climatic influences 
are seen to affect these in the same way that tIlC'Y affect other groups 
of species even in different classes, that the mere influence of 
moisture and temperature is shown to be the sole cause of many of 
these supposed specific characters. 
Dr. A. S. Packard, in his remarkable monograph of a group of 
moths, the Plwlænidæ, puhlished under the auspices of the IIayden 
Survey, finds that with some species there are changes analogous to 
tbose pointed out by Baird and Allen; and while he does not find 
enough to establish a law, yet to his mind enough is seen" to illus- 
trate how far climatic variation goes as a factor in producing !)rimm"y 
differences in faunæ within the same zones of temperature," and he 
admits that varietal and eyen specific differences may arise from these 
climatic causes alone. Dr. Packard, in the same work,. under tLe 
bead of "Origin of Genera and Species," says, "The number of so- 
called species tends to be reduced as our specimens and information 
increase." The genera also" are as artificial creations as species and 
varieties. The work of the systematic biologist Oft<>11 amounts to but 
little more than putting K ature in a strait-jacket." 
An application of the influence of temperature is here proper, as 
explaining, on a rational ground, the persistence of !)eculiar arctic 
forms of animals and plants on the summits of l\Iount Washington 
and other high peaks. 'Vitb a knowledge of glacial phenomena, we 
are capable of judging the condition of tIiincrs which nlust of neces- 
. ö, 
Slty, have existed directly after tbe recedence of the grcat ice-sheet: 
its southern border slowly retreating; and, with the encroachment of 
the warmer zone, the arctic forms d y in cr out or suryiyinO' under 
0' ö 
changed conditions; but, in high plateaus and mountains, loca! 
glaciers flourishe<.1 for a while, and at their bases arctic forms flour- 
ished, and, lingering too long, were ultimately cut off l)y the retreat 
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of the main fielJ. This intcrlJretation of arctic forms on high peaks, 
though attended to by sevcral American naturalists, is not new. Os- 
wald fleer, in discussing the origin of certain animals and plants, 
coincides with De Candolle that Alpine plants are rclics, as it wcre, 
of a glacial epoch. Prof. Gray 1 had also indepcndcntly arrived at 
tile same conclusions, based on a comparison of the })lants of Ea
tern 
North Aluerica and Japan. In the position he maintained l'egarding 
the derivation of species from preëxisting ones, he stood far in ad- 
vance of his brother naturalists in th'is country, for this was before 
Darwin's great work had appeared, and before lIeer bad developed 
the host of fossil plants from the arctic zone. :Mr. S. I. Smith, in 
speaking of mountain faunæ, points out the gradual encroachment of 
glaciers, and the drawing down of northern forms; and, as the gla- 
ciers retreated, these forms were caught, "the mountain-summits 
being left as aërial islands." Dr. Packard and 1\11'. Scudder have 
severally calletl attention to the same thing. 
Prof. .A. R. Grote has more fully dcalt with the subject in a paper 
read before this Association, and in a graphic way shows that tbe 
"former existence of a long and widely-spread winter of Jears is 
offcred in evidence through the frail brown {Eneis buttcrflics, that 
li,'e on the top of the mountains within the temperate zone." I have 
been thus explicit, in order to contrast these more rational views with 
those formerly entertained by eminent naturalists, whose minds were 
imbued at the time with the idea of special creation. 1\11'. Samuel H. 
Scudder 2 read before the Boston Society of Natural lIistory an ac- 
count of distinct zones of life on high mountains, as illustrated in the 
insect-life of 
lount Washington. lIe callcd attention to certain insects 
which he supposed peculiar to the summit, and not found farther 
north, though showing a remarkable correspondence to certain arctic 
forms. Prof. Wyman asked whether all the facts might not be ac- 
counted for on the theory of migration northward after a g1acial 
epoch, and Prof. Rogcrs suggested that the facts might be accounted 
for on the migratory theory if we addpd thereto the supposition of 
subsequent variation induced by isolation. Yet these views were 
persistently opposed by the other naturalists l)l'csent. The mass of 
evidence alrcady contributed, as to the extraordinary variation in 
color, markings, and size of species coinciding with their physical sur- 
roundings, though pcrhaps trivial in itself, becomes important when 
the proofs are grouped together, and all bear upon the theory of 
derivation. So slight a thing as change of food is found to influence 
certain animals even to a degree usually regarded specific. The ]ate 
Dr. B. D. 'Valsh 8 discovered some very curious features among in- 


1 "
Iemoirs of the American Academy," vol. vi., pp. 3'77-458 (1859). 

 "Proceedings of the Boston Society of Natural History," vol. ix., p. 230. 
8 "On Phytophagic Varieties and Phytophagic Species," "Proceedings of the Ento- 
mological Society of Philadelphia," vol. iii., p. 403. 
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sects connected with a change of food. First, he established the fact 
that insects accustomed to one kind of plant could acquire a taste fOlK 
another kind, and he Las shown that in thus cImnging the food of the 
insect a change took place in the appearance of either the larva, 
pupa, or imago, and sometimes all three stages were affected. Dr. 
Fitch Iwd observed that changing an insect's lan'a from the leaf to 
the fruit affected the appearance of the larva. It would be iml)ossible 
to give even an abstract of Dr. 'Ya1sh's remarkable essay. It may 
be said, however, that bis investigations led him irresistibly to the 
concJusion that the present species have been derived from IJreex- 
isting ones, and in numberless cases he is capable of showing the 
successive stages from the dawn of a plant-eating variety, where 
the changes are slightly seen in the larva only, to the plant-eating 
species in which profound changes are seen in the larva, pupa, and 
Imago. 
The minor factors of natural selection, such as protective coloring 
and mimicry, have been variously illustrated by 1\lr. R. E. C. Stearns, 
Dr. IÜweland, Prof. Cope, Dr. Charles C. Abbott, and others. In a 
special paper on "The Adaptive Coloration of l\lo11usca," 1 I have en- 
deavored to show not only a wide-spread application of this feature 
to mollusks, and especial1y those exposed Ly the tide, but ill some 
cases a mimicry of inanimate objects, as tlle accumulation of clay or 
grains of sand upon the shell. 
WalIace's theory of birds'-nests finds interesting confirmations in 
the observations of Dr. Abbott, W}lO made a special study of a large 
number of robins'-nests, and found tbe widest yariation among them. 
He studied also the nests of the Baltimore oriole, wllere, according to 
the theory of 'Vallace, a concealing nest should be made, tIle Lird 
being exceedingly bright-color{'d. lIe found that, away from tlle 
habitations of man, the orioles built concealing nests; but in "illages 
and cities, on the other hand, where ther were in no special danger 
from predatory hawks, the nests were built comparatively open, so 
that the bird within was not concealed. 2 
The differences in the habits of animals of tl1e same slJecies are 
noticed in different IJarts of the country, and such facts militate 
against the idea that certain unerring ways were implanted in them 
at the outset. Inùeed, SllCh facts go to show that these various creat- 
ures not only become adapted to their surroundings, but that individ- 
ual peculiarities manifest themselves. The observations of Dr. Coues, 
l\Ir. Allcn, and JUr. 
Iartin Trippp, go to prove that cert:lin birds 
change their Imbits in a marked degree. In their lJehavior, too, cer- 
tain bircls, which are wild and sll
 } )icions in K ew Enaland are COlli- 
b , 
parative1y tame in the 'Vest. In their resting-places they show wide 
individual variation. 


1 " Proccf'dings of tIle Boston Rocicty of Natural History," vot xiv., p. 141. 
2 POPUL.\R SCIEXCE :YO
TIILY, vol. vi., p. 481. . 
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Prof. A. E. V en.iII, 1 on the supposed eastern migration of the cliff- 
RwaIlow, traces historicalJy its first appearance in various places in the 
East, and is inclined to the opinion that as the country ùecame settled 
by Europeans the birlls left their native haunts for barns ana houses, 
and increased in number to a greater extcnt than before on account 
of the protection invariably furnished by man. 
Rev. Samuel Lockwood 
 records a curious case of the Baltimore 
oriole acquiring a taste for the honey-sacs of bees, tearing off the 
heach of those insects, and, having secured the hone)
-sacs, rejecting 
tbe rest of the body. 
Prof. 'V ynmn 3 observes a curious case in Florida of a colt and a 
number of pigs and cows thrusting their heads under water and feed- 
ing on the river-grass, in some cases remaining with their heads im- 
mersed for half a minute. 
lIon. A. II. )Iorgall 4 ohserves the widest difference in the habits 
of the same species of beaver in the Lake Superior region and in the 
1\Iissouri, constructing their dams and ways differently, and meeting 
the varied conditions, not by a blind instinct, but by a definite intelli- 
gence numifested for definite purposes. 
All of these facts, simple in themselves, yet together go to })rove 
tbat animaI:s do vary in their habits, and with a persistent change in 
llabits arises the minute and almost insensible pressure to swerve and 
modify the animal. 
So much does tbe influence of season, with its accompanying pe- 
culiarities of fooù, temperature, humidity, and tbe like, affect certain 
animals developing coincidently with its different phases, that it is 
instructive to note that in certain species of insects two or three dif- 
ferent forms occur. Thus )Ir. Edwards r. 11as in an elaborate way 
worked up the history of a polymorphic butterfly (EjJlticlides aj(fx), 
showing that there are three forms heretofore regarded as distinct 
species, 1dlieh are only varieties of one and the same species, but alJ- 
pearing at diftèrent times of the year, and consequently confronted 
by difiercnt influences as to temperature, moisture, food, and the like. 
These forms are known under the names of TVàlsltii, Telemonidcs, 
and .11Iarcellus, and both sexes are equaHy affected. The fir8t form 
mentioned repres('n ts the early spring type, Telnnonides the late 
spring type, and .J.1Iarcelbls the summer a.nd autumn tYI)e (see also 
1\lr. Scudder's paper f). If these influences affect species, we should 
expect to see the greatest variety of forms in a country possessing 
the widest diversity of conditions. 
Some suggestive paths of investigation bave been pointed out lJY 


1 "Proceedings of the Boston Society of Katural History," vo1. ix., p. 276. 

 American l\
tlw'alist, vol. vi., p. 721. 3 Ibid., vol. ,-iii., p. 237. 
4 h "The American Beaver and his 'Yorks." 
6 ., Butterflies of North America," part ix. 
6 Amqican Natw.alisl, vo1. -viii., p. 257. 
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Prof. X. S. Shaler J on the connection between the development of the 
life and the })hysieal conditions of the several continents, showing first 
that the greatest amount of shore-line in pro!)ortion to the internal 
areas indicates a greater diversity of surface within. 
Another prol>osition he attempts to establish: that ill propor- 
tion to the shortness of the shore-lines, or, in other words, to the 
want of variety in their surfaces, will be the diversity of animal life 
in the continent. lIe then proceeds from Darwin's standpoint, and 
follows out nUtllY curious and instructive lines of thought regard- 
ing increasod amount of influences in diversified surfaces-a level 
plain having the same conditions throughout, but a mountainous re- 
gion having for each one thousand feet of elevation a new conùition 
of things, in the form of streams, winds, humidity, and the like. In 
areas of simple outline and unvarying surfaces we do, in fact, have a less 
di versity of forms. 
Recognizing the mutation of continents through past geologic ages, 
we again see tl}e accompanying physical changes in not only modify- 
ing forms, but in selecting them afterward by succeeding changes. 
The widely-diversifietl nature of the facts bearing on the doc- 
trine of natural selection baffles all attempts at a systematic classifica- 
tion of them. Of such a nature are many of the valuable communi- 
cations of Prof. ""'llder. 
At the meeting of this Association 2 he has, among other matters, 
confirmed in a young lion the discovery of Prof. Flowers that, in the 
young dog and }Jroba
ly in other carnivora as wel1, the scapho-lunar 
bone has at the outset three centres of o
sification, and that tllese 
)'eally represent the radiale intertnediu?n and centrale of the typical 
carpus. By study of a fætal manatee, Prof. 'Vilder is able to de- 
termine its affinities, and to })oint out the probable ).etrograde meta- 
nlorphosis of some ancient ungulate animal, and that the mana- 
tee is widely removed from the w}}ales with which it has been 
associated. 
)1r. 'Villiam IC Brooks has published a very remarkable p3pcr on 
certain free s'wimming tunicates, the Salpa, giying for the first time 
a clear and comprehensive history of certain obscure l)oints, 3nd lIas 
at the same time applied the princil)les of natural se]ection theoreti- 
cal1y in 8howing the origin of salpa from sessi]e tunicates, and mak- 
ing clear the peculiar modification of parts which accompany tl]ese 
changes. 
In the fie]d of entomology some capital work has been done, both 
practical and theoretical. 
Prof. Riley's demonstration of the yucca-moth is unique in its 
way. Dr. Engelmann has discovered that the yucca depends upon 
insects for fertilization; and Prof. Riley, by patient study, not only 
1 " Proceeùings of the American Academy," vol. viii., p. 349. 
i " PL'oceedings of the AmericRu AC2.àemy of Arts and Sciences," "\"01. xxii., p. 301. 
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discovered the moth which fertilizes the flower, but finds an anoma- 
lous change in the maxillary palpi of the insect, by means of which 
the moth conects bundles of l)ollen, which it inserts into the stigmatic 
tube
 and during this peculiar act deposits her eggs in the young fruit. 
Prof. Riley has reasons to believe that this is the only insect engaged 
in the fertilization of this plant. A mutual dependence is here met 
with of extreme interest. The yucca unfertiJized forms no fruit, and 
the larva of the moth consequently perishes. 
Prof. Augustus R. Grote, in an examination of butterflies, finds 
successive gradation in their structures, and shows that as these or- 
gans "become less serviceable to the insect they Lecome more rigid 
and in position more elevated above the head in the butterfly, wlJile 
in the moth they are more whip-like and directed forward." \Yhile 
protesting against the selmrations which have been made in tJ1e order 
based upon the .antenn;:c, lIe diré'cts attention "to the real difièrenccs 
in anteunal structure between the butterflies and moths, while show- 
ing that the antennm are modified by desuetude in the higher and 
former group." Prof. Grote/ in dealing with a family of moths, the 
NoctuÙlæ, calls attention to the unequal value of .Acronycta, and is 
forced to admit that these differences become clear through the 
theory of evolution. lie says: "WJlCre in .Acl'onycta there is a gen- 
eral prevailing uniformity in the appearance in a single group of spe- 
cies and generaHy broad distinctions between the laITal forms, it is a 
not unreasonable conclusion that these larval differences are gradu- 
ally evolved by a natural protective law, which intensifies their char- 
acters in the direction in which they are serviceaùle to the continu- 
ance of the species." 
Those who have believed in types as fixed laws, rigidly impressed 
at the outset of life, are those also who llave recognized in tLe ceIJs 
of a honey-bee, as well as in the arrangement of leaves aùout the 
axis of a plant, a perfect mathematical adjustment of parts, which 
were stamped at the beginning, and have so continued to exist with- 
out deviation. For nearly two hundred years it has been believed 
that the instinct of a bee guided it to shape a cell w}lich of all other 
forms should use the least amount of material. A theory having ùeen 
established as to the constant shape of a bee's cell, namely, tbat it 
was an hexagonal prism with trihedral bases, each face of the Lase 
being a rhomb with certain definite angles, a mathematician was 
given the problem to construct similar cells, and to determine the 
best possible form with the use of the least anlount of nlateria
. The 
coincidence between theory and observation and experiment was so 
remarkable as to settle apparently for an time tbe question as to the 
perfectly-implanted insti
ct of the bee with its unconscious power of 
accurate work. Prof. Jeffries Wyman, 2 to whose memoir I am indebted 
1 "Proceedings of tbe Buffalo Society of Natural Science," vol. i., p. lðO. 
i ,. Proceedings of the American Academy," vol. vii., p. 68. 
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for the above facts, has by an ingenious study of the cells of bees shown, 
first, tlJ:1,t, a cell of this perfection is rarely if ever attained. FurtlJer- 
more, that, while the honey-cells" are built unequivocally in accord- 
ance with the hexagonal type, they exhibit a range of variation which 
almost ùefies description;" that the worker-bees, fronl incorrect 
alignlTIent anù other cau
es, build cells, the measurement of which 
shows the widest limit of variation; that tbe drone-cells are liable 
to substantially the same variations, while the transition-cells, namely, 
those in which drones and worker-cells are combined in the eame 
piece of comb, are extremely irregular. As tbe drone-cells are one- 
fifth larger than worker-cells, "a transition cannot be made without 
some disturbance in the regularity of the structure." And Pi'of. 
'V yrnan states distinctly that the bees do not have any systematic 
method of making the change, adding that "the cell of the bee 
has not that strict conformity to geometrical accuracy claimed for 
it," and the assertion, like that of Lord Brougham, that there is in the 
cell of the bee" perfect agreement between tbeory and observation, 
in view of the analogies of Nature, is far more likely to be wrong 
than right., and his assertion in the case before us is certainly wrong." 
Prof. 'V yman closes his essay by saying that "much error would 
have been avoided if those who have discussed the structure of the 
bee's cell had adopted the plan followed by 1\11'. Darwin, and studied 
the h
bits of the ceU-making insects comparatively, beginning with 
the cells of the humble-bee, foHowing with those of the wasps and 
hornets, then with those of the 1\lexican bees, and finally with those 
of the common hive-bee; ill this way they would have found that, 
while there is a constant approach to the l)crfect form, they would at 
the same time have been prcpared for the fact that evcn in the cell of 
tl.le hive-bee perfection is not reac11ed. The isolated study of any- 
thing in Nature is a fruitful source of error." 
The remarkable ingenuity, so characteristic of Prof. 'Vyman's ex- 
periments, is fulIy shown in this memoir. He made plaster-casts of 
thc comb, and then sawed transverse sections, and by slightly heat- 
ing the piaster the wax was Inelted and absorbed, leaving the deli- 
cate interspaces representing the partitions. From these sections 
electrotypes were taken, and thus the veritable figures were used to 
illustrate the ab
olute structure of the comb. The results of these 
brilliant researclles were published in the" Proceedings of the Amer- 
ican .AcaJerny of Sciences." 


[To be continued.] 
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By PHOFESSOR X. JOLY, 
OF THE FACULTY OF SOIESCES, TO "GLOUSE. 


F IRE, the COlllmon sonrce of heat, of light, and .of life, and the 
acti ve principle of a multitude of inc1ustries, anù of metallurgi- 
cal industry in particular, is unquestionaLly one of the greatest con- 
qnests achieved hy man over :x ature. . 
The discovery of fire was more than a benefit; it was, in fact, a 
giant striae on the road to civiliz:;ttion. 'Vith fire arose sociaLility, 
the fiunily, the sacred joys of the domestic hearth, all iudustriës, all 
arts, togçther with the wonders they bave }Hodnced, and still pro- 
duce from day to ùay. Ilence we can readily uuderstand how it is 
that fire has ever heen and still is, among many nations, the object of 
a special worship (priest:s of Baal, Glwbers, IIilItloo Brahmans, Roman 
vestals, priestesses of the sun ill Peru, etë.); and that it has often fig- 
ured in the religious or funereal rites of nations most remote fronl one 
another, both in 'time and space, as the Chaldees, IIeLrews, Greeks, 
Romans, Peruvifi;l1s, )[exican:" etc. But how and wheh was this great 
(.li
covery mac1e, in thC' ahsence of which we can harl1ly conceive of 
the possibility of human m.ts or even of human existence? Did man, 
as we are told ill the myths of Illdia and Greece, steal fire from lwav- 
en; or dill he, as other legends affirm, take advantage of spontaneous 
forest-fire:--, ari:-.ing from the violcnt rul)billg together of dry branches 
muler the action of the wind; or, finally, wa.s man so ingenious, even 
from the beginning-, as to devise one of those simple and practical 
contrivances by uwan'5 of which certain savage and half-ciyilized 
tribes in our own time obtain the fire they need for their daily uses? 
IIowcver far hack we may trace Inau':s history, we find him always 
ill possession of fire. The story of Prometheus getting fire from 
Olympus is nothing hut the 'T edic myth wliich tells of the god Agni, 
or heavenl
. fire (Latin, i[Jnis), as squatting in a hiding:'place wI1ence 
he is compel1Ctl by::\lataricln"an to come forth in order to be com- 
municated to )lanu, the first man, or to Dhrig!l (tlte shining one), the 
father of the sacerdotal family of the same name. 
The -lery name of Prometheus is of purdy ,r edic origin, and cal1s 
to mipd the process employed hy the ancÍf'nt nrahmans in getting the 
sacred fire. For tl]is they used a :spindle called JJtotlta or pramatlw, 
the prefix prr{ adding tlw i(lea of taking b!llorce to the signification of 
the root mfalut ,. this latter is from the yerb matlmallti, or J}lautluJmi- 
"tC! bring out hy friction." Prometheus, th
refore, i8 the one who dis- 
cJvered fin
, bring., it forth fl'om i<; hitlillg-place, steals it and gives it 
I Translated frum the French by J. Fitzgerald, A. M. 
VOL. x.-2 
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to man.kind. From PramanthÙ, or Prâm:1thyus-" hc who :þolJows out 
by rubhing," " he" who 
teals fire "-thc tr:l.llsitiull is casy and natural, 
and there is oulJ one step from the Indian I>J'âmâthyus to the Prome- 
theus of the .Greeks, who stolc the hca\ ellly fire to light the spark of 
life, the soul; in the clay-formed man. 
'rhe spindle or pramantluJ, had wound round it a cord of hemp 
mixed with cow-hair, awl with this cord the priest of Drahma gave 
it an alternating rotary. motion from right to len and from left to 
right. In rotating the spindle, one end of it rested in a depression 
madc at the intersection-point of two crossed pieces of wood, the ends 
of which ":"cre bent to a right angle, and firmly secured 'with four 
IJronze nails, thus preventing tliem from moying. The entire appa- " 
ratus w:.1.:::. called swrtstika. 1 The father of the sacred fire was named 
Twastri, i. e., the di\.ine carpenter who nlade the su.:astika and the 
pntJJ1Jlntha, the mutual rubbing of which together produced the divin(} 
babe Agni. Its mother was named 1\1aya. Agni took the name of 
_Akta (i. e., anointed, christos) after the priest had poured on its head 
the 80Jílrf, and on its body the purified butter of the sacrifice. 
In his interesting work on the" Origin of Fire," Aaalbert l{uhn 
gives to the ?
 and to this other like sign, 
, the name of ærani, 
and both of them he regards as the religious symbols, par excellence, 
of our old .A.ryan ancestors-the symhols of sexital re!woduction. 
This fire-myth occurs a1:so in the Zen<.la yesta, or sacred book of 
the Persians, and in the VeJic hymns of the Hindoos, under a t"\yO- 
folit form, both nl
tteri:ll and metaphysical. nut the authors of these 
. hymns bear witness that this same myth wa
, long Lefore their time, 
symbolized in a great national religion, the founder of. which, HhiLu, 
is no other than Orpheus. This tråditiou, common to Greeks, IIin- 
cloos, and Persians, carries us' back to those ancient times when the as 
yet undisco\"ered branches of this stock wandered upon the banks of 
the Oxus. 
In his" Researches into the Early IIistory of 
Iankind," Tylor 
gives interesting details about the discovery of fire, and the yarious 
modes of obtaining it in every age. The prin1Ìtive metJlod of all 
would seem, accor
1ing to him, to bave consisted in rubbing together 
two pieces of dry wood, but this process was perfected in the ('ourse 
of time. Thus, friction is produced by means of a stick which is made 


1 It is well worthy of note that the frwastika, 
,Of India occurs very frequently in 
two forms, viz., I n .J and {

, On the earthen. ware disks fowld in such great numbers 
L L
...r' 
by Dr. Schliemann among the ruins of ancient Ilium. From this it would seem to follow 
that the Trojans were of Aryan origin. As for the analogies, or even direct resemblances, 
between certain ceremonies to the wor.ship of _\gni anù cel'tai
 rites of the Catholic 
worship, they, too, may be explained, at least to 
omc extent, by community of origin: 
Agni, as Akla, would be Christ; )Iaya, the Yirgin )lary; Twastl'i, Saint Joseph. 
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to slide rapidly to ana fro upon a piece of dry, soft wood laid upon the 
gi'ound nn Tahiti, the Sandwich Islawls, New Zealand, Timor, etc.). 
This process Tylor denominates the stick-and-groove (Fig, 1), but the 
fire-drill (Figs. 2 and 
) is lJJJwe generally usetl. In its simplest form, 
the fire-drill consists of a stick, onc extremity of which is illserted in 
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FIG. I.-THE 
TICK-AND-G
oOVE. (TyIor.) 


a hQle bored in a piece of dry wood, while thp stick itself is twirled 
between the bands and pressed downward (seç :Fig. 2). 
This instrument occurs not only in Australia, Sumatra, the Caro- 
line Islands, and I{amtchatka, but also in China, South Africa, and 
North ::md South ..America. It was employed hy the ancient 1Icxicaus, 
and is, still in use among the Yenac1is of Southern Inùia, and the 
Veddas of Ceylon (Fig. 3). 


FIG. 3.-A....;CIENT MEXICAN FmE-DmLL. (Tylor.) 


It is still further Dlodified 1)y causing the stick,to whid hy means 
of a thong wound 1'01111<1 it., tbe ends of which are pnJled in oppo
ite 
directions alternately. This is the instrument de
crihcd in the Ve- 
das, and it is still employed by the Brahmans of our own c1ny for 
ligbting the sacred fire. For, as Tylor well ohscrves, we very often 
see fire obtainetl for use in religious ritcs by the ancient proce:--se
, 
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rather than hy the readier means disco\'cred in later times. Thus, 
,,"hen the vestals permitted the sacred fire to go out, it was rekindlëd 
ùy means öf the sun's rays, concentrated by a lens. .1\ similar method 
was employed hy the ancient priests of Peru in kinùling the sacrificial 
fi re. 
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. Fro. 4.
FIlm-DmLL OF THE OAUCHOS. (Tylor.) 


An instrument resembJing that employed. by the Brahmans of 
India is to thi
 day in use among the Esquimaux and the Aleuts (Fig. 
G). It consists of a rocl, one end of wl1ich fits into a mouth-piece, and 
the other into a hole in a piece of dry wood. The rod is twirlpd by 
means of a thong wound twice around it, and pulled to the right and 
left alternately by the hands. 
Slight modifications occur in the form of the fire-drill, and various 
instrullwnts have been devised to serve tile 8ame pui'pose. For in- 
stance, there are the bow-drill and the pnmp-drill, which latter is used 
ùoth for obtaining fire and for boring holes in wood, stone, and metal 
(Figs. 5 and 7). 
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FIG. 5.-Bow-DRILL, .U8ED BY THE SlOtJX. (Tylor,) 


Of other me:1l1!
 of procuring fire we will simply mention, in IJassing, 
tl18 striking together of flint
, or flint and steel, or iron pyrites; strik- 
in
 to
ether two piece
 of hamboo (thi
 method lwculiar to China) ; 
comprC'f'sing air in a tube of ivory or òf wood (a process adopted by 
the ::\Ialays, etc.). 
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The dried parenchyma of the Boletus i[Juiarills, frayed cedar-bark, 
dry leaves, carbonized vegetal fibres, and the like, are the combustible 
nlaterials commonly employed to receive the spark prO(luced 1)}' 
friction or ùy c
mcussion. 
Is there or has there e\'er heen a peoi)le absolute1y ignorant of the 
means of producillg fire? . 1\lany authors 
lIiswcr this question affirm- 
atively. Thus we arc told that the natives of Tasmania, though ac- 
quainted with fire and l11aking use of it, nevertheless are ignorant of 
the Ineåns of producing it. lIenee it is thc special duty of their 
WOffi()U to carry fire-branùs that burn day anù night, and IJY the light 
of which the tribe make their way through the woods. If the torches 
or brands go out, it may be necessarý to make a long journey in on1cr 
to have them lighted again from the fire kept UIJ by another tril)(>. 
Nearly every family, too, carries about a cone of banksia, which burlls 
slowly like amadou. 
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FIG. 6.-EsQUIMAU THONG-DRILL. (TJlor.) 


FIG. 7,-PcMP-DmLL. (T:rJor.) 


That the Australians are not so ignorant of the uses of fire as tIle}" 
are. said to be, is shown by a legcnd current among them a hout the 
origin of fire. This legend we copy from 'Yilson, who, in l1Ìs work, 
" Prehistoric l\I:.tn," devotes a highly-interesting chapter to the qnes- 
tion we are considerinO'. "A 1011(J> lon g time aQ'o , a little handicoot 1 
o. 0' 
 
was the sole owner of a fire-brand, which he cheri
hed with the great- 
est jealousy. So selfish was 110 in the use of his }wize t]13t he ohsti- 
nately refused to share it with the other animals. So they held a 
gencral council, where it was decided that.the fire must ùe uùtain
d 
from the bandicoot eitlwr by force or strategy. TIle llawk and the 
pigeon were deputed to carry out this re
olution; and, aft{'r trying to 
induce the fire-owner to share its bl('s
illgs with his IIt.ighlJo'rs, tl:e 
pigeon, seizing, as he thought, an unguarded mumellt, made a dash to 
obtain the prize. The bandicoot saw that affairs hac1 COllie to a crisi
, 
1 .\. small, sharp-nosed animal, not unlike the Guinea-pig. 
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and, in desperation, threw -the fire toward the river, there to quench 
it forever. But, fortunately for tbe black man, the sharp-eyed hawk 
was hovering ncar, and, seeing the fire fall into the water, with a 

troke of his wing he knocked the brand far over the stream into the 
long, dry grass of tbe opposite bank, and the flames spread over the 
face of the country. The black man then felt the fire, and said it 
was good." 1 
Did prehistoric man possess fire? If we al'e to believe the Abbé 
Bourgeois, man was in possession of fire since l\liocene times. ''This 
assertion rests npon the discovery in the sancls of the Orleanais of a 
fragment of artificial paste 
 mixed with charcoal, aucllying in the 
midst of mastorlon and dinotherium -bones. It also rests, hut l
ot so 
firmly, upon the discovery by the same savant of crackecl flints in the 
neighborhood of 'Thenay, not far from the banks of the lake of Beauce. 
T
ese flints appear to bear plain traces of the action of fire; but may 
not these be due to lightning? If not, where are the ashes, where 
the charcoal which naturally would accompany the flints if they had 
been really brought umler the action of fire? 'Then, where is the fire- 
place? Henc
, the Ahùé Bourgeois's deduction is not an impossible 
one, th
ugh in my opinion it is ùy no means demonstrated. 
But, though the discovery of fire in l\liocene times may be ques- 
tioned, it cannot be denied that in the earliest Quaternary times tllÏs 
element was known to man. Several fireplaces, ashes, charcoal, bones, 
either entire or partly calcined, fragments .of coarse pottery black- 
enec1 by smoke, and similar objects, have been foupd in caverns be- 
long"ing to the epoch of the Cave Bear, and of the Reindeer and tIJe 
Polished Stòne age.. These things prove that the men who inhabited 
'the caves commonly enough cooked their food, thus making it nlOre 
readily digestihle. 
'Vith the aid of fire, prehistoric man cremated his dead, hollowed 
out his pirogue, and saved from too rapid destruction the lower extrem- 
ity of the piles on which he built his lake-dwellings. And not only 
diLl the troglodyte and the lacustrian know how to cook their food 
and warm their haùitations, but. they also were acquainted with vari- 
ous methods of lighting them during the darkness. of night. There 
have been found in the Lake of Geneva carbonized sticks of resinous 
wood, which, in all prohability, once were employed for this latter 
purpose. J u
t as the Esqllilnaux now light their snow huts by means 
of lamps fed with the oil of the porpoise or the whale, so did the 
Danes of the kitchen-middens use, for illuminating purposes, a wick 
made of Inoss, one end of wbidl was introduced into the stomåch of a 
great penguin (Alca impennis) filled with fat. 
The use of flint, quartz, and iron pyrite
, in the Lacustrian period, 
for procuring fire by striking these substances against one another, is 
1 Y 01. i., p. 13g. . 
2 Paste, the mineral sub:,tance in which other minerals are imbeddcd.-'V'EßsTER. 
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proved by the discovery, in the lakes of Switzerland (at l\Ieilen, Moos- 
seedorf, "\Vaugen, and Uobenhausen), of bit
 of tinder prepared from 
tbe Boletus igniarius. And, if we accept the views of l\Iessrs. Eel 
Lartet and Christy. with regard to certain blocks of granite, hol- 
lowed out in the centre, which have been found in the caves of Péri- 
gord, these blocks would appear to bave been intended for the pur- 
pose of procuring fire by rapiç1ly rotating a wooden rod in the central 
cavity, as is done by the priests of Brahma. . " 
And, indeed, how could it bappen tbat fire should' have been un- 
known even in the earljest periods of Quaternary tiine, cousidcl'ing 
the cl
ances of fire being struck from these flints, whether in the 
workshop or in battle, and of the sparks falling u})Ün combustible 
materials-for instance, dry leaves? This explailation we hold to l)e 
simpler and plore natural than the other, which refers the discovery of 
fire to the spontaneous co
ftagrations of forests, or to the friction of 
dry branches o
 trees. . 
Fire, we re}Jeat with profonnd conviction, must haye been very 
early known to man, for we camJû
 conceive of his "living without it. 
And IH:'l1ce, " who can picture the joy, the gladne8s, the radiant ec- 
stasy of that one of onr unknown forefathers who first triumphantly 
exhibited to his astonished tribesmen the ,sllloking brand from which 
he had succeeded in causing flame to burst forth? " 1 
Thus we have seen that fire gave rise to nearly all the arts, or at 
least promoted their development. l\lctallurgy, architeetul"l>, ceramic 
arts, agriculture, navigation, commerce, industry, all are quickened 
by its vivifying flame. It has 'played, and still does play, an impor- 
tant pat:t in tbe religions ceremoni
s and the funereall'ites of uations, 
both savage and civilized. But then, in turn, as though by a law of 
Fate, evil accompanies the good: fire destroys with greater rapidity 
than it pr'odnces by forging those formidable engines, .those .imple- 
llwnts of death, by which in the twinkling of an eye the flower of 
nations is cut down on the battle-ficld.-Revue Scientifique. 
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P:tIYSICAL SCIENCE IN EKGLISH SCIIOOLS. 


A T a meeting of the British Association five years ago, the subjcct 
of sciel1ce-teachinO" in our hio-her Rchools exciterl unusual inter- 
b ö 
est. Not only were papers read and followed by enthusiastic discus- 
sion, but a committee was privately formed, including lllore than 
,-twenty leaders of the Association, all of wIlOm undertook to combine 
in pressing the claims of science. on onr head-masters, and in offer- 
ing counsel as to systems :uic1 methods, apparatus, and expenditure. 
I Albert Réville, Raile dc.<1 Deux JJondes, tome xl. 
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Technical difficulties prc\.elltec1 the formal nomination of the com- 
mittee in that year; and before the next .meeting came round the. 
Science Commission was in full work, and. the ground wa!' covereù. 
Five years have v
tssed; the commission has reported; and
 the Brit- 
ish A

ociation, if. it deals at all with the problC>ffi that lIes at the 
root of our scientific progress, will have to face the fact that only ten 
elldowetl sch
ols in England gi\-e as much as four hours a w
ek .to 
the study of science; in other \vor"ds, that, in spite of ten years of 
talk, the éclat of å Royal Commission, a complete consensus of scientific 
authority, and the loud demands of less educatea but not less keen- 
sighted public opinion, the organiz:i.tion and practical working of 
scieflce in our higher schools has scarcely ad vanced a step since the 
Schools Inquirj Commission reported in 1868. 
Are the causes of thi-; strange paralysis discoverable, and are they 
capable of present remedy? "r e believe that they are notori?us, and 
that it is ï'll the power of the British Association at the IJresent. mo- 
ment to overrule them. It is therefore in the .hope of rekindling a 
productive enthusiasm at a critical moment in the 11Ìstory of our 
science-teaching that we appeal with all the earnestnéss of which we 
are capable to the leaders of the great parliament, whose session ""ill 
have opened before this goes to press. 
The first obstacle to be understood and reckoned with is the 
amazing confusion in the minds of unscientific leaders of opinion as 
to the very na
ure of education. An ex-Lord Chancellor gives away 
prizes to a school, declares in Htately terms that Greek and Latin niust 
always form the backbone of high intúllectual training, and that the 
sciences can onlÿ he tolerated as a sort of. ornament or capital to this 
great central vertebral column. On the following (lay an ex-Chancel- 
lor, of the Exchequer gives away prizes at another school, assures the 
hoys that modern sci<>utific teaching is their being's end ::1llc1 aim, and 
enYie
 them by comparison with himself, who at ,Vinchester and Ox- 
ford ba
kc>d only in the" clarum antiquæ lucis jubar." 1 In all 
u<;h 
public utterauees chaos reigns supreme. l\Ien take side with one or 
other branch of mental discipline, unconscious of the Nemesis which 
wait s on the divorce of literature from science, or of science from liter- 
ature, forgetful of the fundamental truths that all minas require gen- 
eral training up to a certain point, and that the period at which special 
e<1ucatiön should superyene is tIle problem which awaits solution. 
The hostility of the clergy ranks high among the difficulties we 
have to recognize. To the greàt public school
 this is matter of in- 
cliff<>rence; hut thc yigorous head-master of a y<.?ung and rising coun.:. 
ty school, who attem l 1ts, being- himself a clerayman to make ).eal 
'--'" t'., 
science compulsory in his. Sc11001, is rattenpc1 by the vulgar heresy- 
hunters, who swarm in e'"ery diocese. The hint and shru<r in societ y 
h . 0 , 
the W lsper at clerical conferences, the warning to parents attracted 
1 The bright radiance of a,nrient light. 
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by the school against" atheistic tendencies," keep down his numbers 
and wear out his energies, till his enterprise becomes a warning in- 
stead of an example to his admirers at other schools. In a neighbor- 
hood of rural squires ana clergy, untemperecl by a large town's neigh- 
borhuod, and unchecked by any Jllan of education and intellicreuce 
:"':) 
holding so,.ereignty by virtue of superior rank and wealth, a school 
which treads doggedly in tlw ancient paths, and is flavored with gen
 
tIe "IIigh-ClJUrch tendencie
," will certainly succeed evell in second- 
rate ha.wls, w
hile a school which UlH.ler superior chieftainship asserts 
the claims of science, ane1 WhORC theology is theref01'e sw;;pect, will 
as certainly long struggle for existence, if it docs not finally 
uccnmb. 
The head-masters, with no iuveterate intention, but hy tl1e force 
of oircul11stances, are potent allies upon the side of nescipuce. Their 
position is peculiar. Enlightened, able, high-nÜndeò, and most labo- 
rious, to speak of them with disrespect would be to forfeit claim to a 
hearing. Bnt of their whole number not more .than two or three 
know anything at aU of 
cience; they have gained honors and 
supremacy by proficiency in other subjects; to teach well these sub- 
jects which they kuow, forms their happiIwss and satisfies their sense 
of duty; and they feel Iiatural dismay at the pr()po
al to fòrcc upon 
thelll new aua n
1tried work which they have not knowledge to snper- 
vIse, and which must di
place whole departments of c1a
::-.ical study. 
Bifurcation they do not mind, for they hope that the dunce:s will be 
drafted into the modern school, and the cle,.er boys retained upon the 
'classical side;. hut the momentouR recommendation of the Royal 
Cornmi::5sion that six hours a week of science-teaching should be ghen 
to e\'ery boy in every school lws taken away their hreath; it was 
only once alluded to at the last head-masters' meeting, and then wÍth 
something het ween a protest and a sneer. They are too ('Icar-sighted 
not to 
ee that the -lelnancl for science-teaching is real, 31JlI too liberal 
not readily to accede to it, if some central authority, which they 
respect, at once pnts pressure on them, and tenders such assistance 
anù adyice as they can tr
1st. But, until thcse two things are ùone; 
they will pursue a policy of inaction. 
K or is there any hope that this reluctance of head-masters will be 
stimulatecl by exn1erant energy on the part of governing bodies. 
The instances in which these pet creat ions of the Eudowed Schools 
Commissioll have appeared before the puhlic hitherto make it eYÍ- 
dent that absolute ina<.'tiyity is the service they arc best calculated 
to render to the cause of education; but their proùa "tIle dévotion to 
science may be guessed from an incident reported in our columns 
some months ago, where it lwdy of trustees, composed of country 
gentlemell of local ruark, having to arrange a competitive examination 
under a scheme of the Charity Commission, adopted the machinery 
of the University Leaving Examination, but inserted a distin('t pro- 
viso that no scientific subject recognized by the university regula- 
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tions should unller any circumstances be taken up by the candidates, 
either as an alternative or a posi
ive hranch of work. 
'ViII the universities help or impede the spread of school. science- 
teaching? The universities adhere at present to their fatal principle 
that only one-sided knowledge shall find favor within their \\ aIls. .1\, 
boy who knows nothing but classics, nothing but mathematics, noth- 
ing bnt science, may easily Will a scholarship; a boy who knows all 
three must seek distinction elsewhere; and this rule ìShapes inevita- 
bly the teaching of the schools. The science scholar
hips at Oxford, 
of which we hear so much; fall mainly to three distinguished schools: 
two so large and wealthy that they can overpower most competitors 
by their expenditure on staff and aplJaratus; the third planted in 
Oxford, with access to the univel:sity museum and laLoratory"and 
with a pick of teachers fr.om the men of whom examiners are made; 
and these schools insure success in science by abandoning o.ther suh- 
jects almost or altogether in the cas'e of the candidates tþey send up. 
No school which should carry out the recommendations öf the com- 
nlissioners by giving six hours a week to science, and. the rest of its 
time to literature and' mathematics; no school which should realize 
its function as bound to develop young minds by strengthening in 
fair proportion all their faculties of i
agination, reason, memory, and 
observation-could offer boys for any sort of scholarship under the 
present university system with the faintest chance of succ<,ss. 
'Yhat tbese institutions are þowerless to avert or heJpless to .bring 
about is, we repeat, within the scope of the British As.sociation to 
effect. All institutions, political or <!ducational, wil1 bow to a strong- 
ly-formed fommittee of scientific men, formally commissioned by the. 
Assqciation and speaking with authority, delegate<.1 as well as per- 
sonal, on scientific subjects. Let such a committee be. rev.ived as 
died on paper in 1871, including the acknowledged leaders of pure 
science, and weighted wit,h the names of such educationalists 3;s have 
shown themselves zealous for science-teaching. Let their functions 
be-I. To communicate with the head-masters and governing bod- 
ies, calling attention to the recommendations of the Duke of Devon- 
shire's commission, asking. how far and how soon each school is pre- 
pared to carry these ont, apd tendering adyice, should it be de
ired, 
on any details as to selection and sequence of subjects, teacherf-, text. 
books, outlay. 2. Let them appeal to the universities, to which many 
of thenl belong, a
 to the bearing of science scholarshivs and fcllo,;. 
ships upon school-teaching, and the extent to which ;uch influence 
may be modified or amelior.ated in that rearrangement of college 
funds which next session will probably be commenced. 3. Let tbem 
be inst:ncte:1 to watch the action of Government in any proposal 
made eIther In pursuance of Lord Salisbury's bill, or as giving effect 
to the Duke of Devonshire's commission, and let them be known to 
hold a hrief f0r s
hool science in reference to all such legislatiön. A 
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. single meeting of such a committee before the Association sepm:ates 
would settle a basiEl of action and compress itself into a working sub- 
committee. The time for papers and discussions is past; they have 
done their work. "Tbat the schools and the h...eac1-masters want is 
authQritative guidance-the guidance not only of a ùlue-boo
, but of 
a living leadership, central, commanding, and accessible, to' which 
. they may look with confidence, and bow without losR of prestige. 
The precision of its dicta will clear up public confusion; its abil- 
ity, conscientiousness, and pOIJularity, will ovel:awe the clergy; schools 
and universities will listen respectfully to suggestions echoed h)
 their 
own best men; and the three great departments of intellectual culture, 
('qual in credit, appliances, and teaching })ûwer, will bring out all the 
faculties and elicit the special aptitudes of every English boy. 


" Hillc omne principiurn, huc refer exitum." 1 


- ....:l\cllure. 


... 


KATURE OF TIlE INv-rERTEBRATE BRAIX. 


By PROFËSSOR H. CHATILTON BASTIA
. 


II. 
I T now remains for us to consider the ai
positiol1 of the nervous 1:\)'s- 
tern in soI!1(
 of the principa1 types of the sub-kingdom Mollusca. 
These are animals wholly different in kind from those we have 
just been considering, mostly aquatic, allil all of them deyoid of 
hollow
 articulated, locomotor appendages. Their organ\; of yege- 
tative life attain a disproportionate development. On the other hand, 
what are ter1ned the" organs of relation" present a wide 1
ange of 
variation, as may be iJ?1agined from the fact that while some of the 
simplest representatives of the JJIollusca consist of mere motionless 
sacs or bags, containiIig organs of digestion, respiration, circulation, 
and generation, its lllore complex forms are active predatory creatures, 
endowed with r
markahle and varied powers of lOCOlllotion, and with 
sense-organs as kwen and asllighly developed as those of insects. The 
lower type is represent('d by the motionless ascic1ian, and the higher 
by the a
tive and highly-endowed cuttle-fish. 
Omitting any reference to the Polyzoa, we may turn our attention 
first of all to the Tunicctta, of which the solitary ascidians may be 
taken as the type. They are marine animals, po
sessil1g no powers 
of locomotion, and haying no head. The current of sea-watel', ser\"Ïng 
for respiratory purposes, 
ncl, at the same time, containing food-parti- 
cles, enters a large branchial cham l)er, through an open, funnel-like 
projection of the inyesting tunic. of the animal, the orifice of which 
1 \Yith this begin, to this refer the end. 
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i8 gllartlecl by sensitive tentacula and a sphincter musch'. The mouth 
is situateù at the bottom of thi8 branchial sac, down the side of which 
minute particles of food are swcpt by ciliary action, so as to be 
hrought within the ....simple commenccment of the æsophagus. The 
eftète sea-water passes through the ,valls of this branchial cavity into 
a O'eneral bod y -chamber in which the viscera are. contained. This 
b , 
cavity is hounded externally by a muscular expansion, lining the outer 
cellulose tunic. By the periodical contraction of tbis muscular sa
, 
the water which enters it, together with food-residues and ovrr, is. ex- 
pelled through another funnel-like opening, aùjaccnt to and very 
similar to that by which it gains entry to the branchial chamber. 
Altbough these ascic.1ians have a ddinite alimentary canal, a circu- 
latory system, and respiratory orgrrns, .togcther ,,'ith a distinct genital 
apparatus, their life of relation with the external world is of the sim- 
plest description. They are stationary cr('atures, and have no pre- 
hensile organs, food being brought to the commencement of their 
alimentary canal by ciliary action. 
In corresponclence with such a simple mode of life, we 'might ex- 
pe
t to fiud a very rllc.1imentary nervous system, and this expectation 
is fully realized. The Tunicata possess a single small nervous gan- 
glion lying between the bases of the two funnels through which water 
is taken in and discharged. This ganglion receives branches ii'om the 
tentacula guarding the orifice of the oral funnel, and possibly from 
the branchial chamber, while it gives off outgoing filaments to the 
various parts of the muscular sac, and perhaps to. the alimentary 
canal, and some of the otber internal'organs. In some of the solitary 
TtlJ
icat({ a rudimentary visual function is IH'csumed to exist. At all 
events, pigment.-spots are situated on, or in very close relation with, 
the solitary ganglion. '
r-his single body seems to sêrve for the per- 
formance, in a rudimentary manner, of the various functions dis- 
charged by at least two pairs of ganglia ill a large numher of higher 
J.1Iollusca, viz., those known as the cerebral and the parieto-splanchnic 
or branchial. 
The brachiopods are among the oldest and most wide-spread of 
the forms of life in tlJO fo
sil state, awl the geogr
l'hical distribution 
of their Ii vÍng representatives at the present day is also ,.ery wiele. 
I.ike the Tunicata, they are headless organi8m
, and lead a sedentary 
existence, attached either by a pedicle or by one divisioll of their 
ljivalve shells. The mouth is uuproviùed with any appendages for 
grasping food-nutritive particles being 1H'ought to it by means of 
ciliary currents. Numerous uluscles exist which connect the valves 
of the shell to one another, and with the inclosed animal. Aild, 
though the visceral organization of the brachiopods is somewhat 
complex, no definite sense-organs have yet been detected in any of 
them. In the nervous system of these sedentary animals, there is, 
therefore, nothing answering to a brain as it is ortlinarily constituted, 
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though ganglia exist around the æsophagus which must receive 
afferent impressions 01" some kind, and from which branches }Jroce
a 
to tl
e various muscles and viscera of the body. . 

uch low scnsory endowments as are presented by the BJ'ac1dojJocla 
would be wholly incolll.patible with that degree of visceral complexity 
of organization which they }J08SeSS, had it not .lJeen for the fact that 
they l('ad such a vassive existence in re
pect to quest of food. They 
do not go in search of it at all-they remain securely anchored wbile 
food is brought to tbe entrance of their alimentary canal by means 
of cilia. The absence of sense-organs and of a brain is, indeed, only 
compatible with a quasi-vegetative existence such as this. 
The lamellibranchs, or ordinary headless bivalve lJIollusca, alsð 
include some representatives-such as the oyster and its allies-which 
lead a sedentary life after the fashion of the lJIollusca already men- 
tioned.. The ,alves' of the shell in these lamellibranchs are lateral, 
instead of being dorsal and yentral as among the branchiopoc1s. The 
shell is, however, closed by a single adductor musc1e, and it is opened, 
when this relaxes, by m
ans of an elastic binge. 
The lllouth of the oyster is surronnc.1ec1 by four labial appendages, 
whose functions are not very definitely known. It presents no otht-'r 
appendages of'any kiud in the neighborhood of the mouth, and, as in 
the two types of ...L1IoZZusca already dC8cribcd, the food which it swal- 
lows is brought to the entrance of its æsophagus by means of ciliary 
currellts. This well-known animal has a larg
 and important nervous 
ganglion (Fig. 8, b) situated posteriorly, and close to the great ad 
ductor- muscle. It gi\.es oft' branclws to this llluscle, to each half of 
the mantle, to the gills (c, c), aud it sends forward two long parallel 
branches (d, d), which serve to connect it with a much smaller an- 
terior ganglion (a, a) situated oil each side of the mouth. These an- 
terior or lahial ganglia are joined by a commissure arching OYer the 
mouth, and also by a more slender thread beneath the mouth, from 
which filaments (e) are given off to the stOl
acb. These latter filaments 
may be considered to have a function similar to that of the stomato- 
gastric nerves in insects. The anterior ganglia receiye nen.es (f) from 
the l
bial processes, probably for the most part afferent in function. 
At all eyents, the
e proce
ses haye no distinct muscular structure. 
Other lamellibranchs possess a remarkahle muscular appenc1age 
known as the foot, which is in I.elation with an additional single or 
double neryous ganglion, and is used in various ways as an organ of 
locomotioll. The animals po

essing tlâs organ arè also proyided 
with a second adductor muscle for closing the-ir shell
. Speakillg of 
the various ns('s of the foot among bivah-es, Prof. Owen says: "To 
some whi{'h rise to the surface of the water it acts, by its expansion, 
as a float; to others it sen.es by its bent form as an instrument to 
drag them along the sands; to a third family it is a burrowing organ; 
to many it aids in the ex:ecution of short leaps." 
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These bivalves po
S('SSillg a foot present three pairs of ganglia in- 
stead of two.-the anterior,or oval, the posterior or branchial, and the 
inferior or 'pedal. It occasionally happcns, howcver, that the ganglia 
of the posterior or of the inferior pair become approximated or even 
fused into oue. The fusion of the posterior pair takes place, as in the 
oyster, when the branchiæ from which they receive nerves come cl?se 
together posteriorly. On the other hand, in those mollusks in wJnc,h 
the branchiæ are farther apart, the two ganglia remain separate, and 
are connected only by a short commissure, as in the mussel (Fig. 9, b). 
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FlG. 9.-NERVOUB SYSTE1I OF TnE CmulO
 .ML""SBEL. 


The separate existence or fusion of the inferior or pedal ganglia 
depends upon the size' and shape of the foot. The nerves in relation 
with these ganglia are distributed almost wholly to this organ and its 
retractor llluscles. Where the foot is broad the ganglia remain sep- 
arate, and are merely connected by a commissure. But where the 
foot is slnall anù narrow, as in the mussel, the two ganglia become 
fused into one (Fig. 9, p). 
Some of the special sense
 are unquestionably represented among 
these headless Mollusca, though the distribution of the different or- 
gans is very peculiar. Thus in Pecten, Pinna, Spondulus, the oyster, 
and many others, very distinct" and often pedunculated ocelli are diR- 
tribllted over both margins of the pallium or mantle. These vary in 
number from forty to two hundre<.l or more, and are in connection 
with distinct bl'anches of the circumpallial neryes. In the razor-fish 
. , 
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the cockle, Venus, :ind other Livalycs possessing tbose prolonp;ations 
of the mantle known as siphon-tubes, the eyes are situated either at 
th
 base or on the tips of the numerous small tentacles distributed 
around the orifices of these tubes, which in those of them living in 
the sand are often the only parts appearing above the surface. The 
I
argins of the mantle are. also garnished by a number of short though 
apparently very sensitive tentacles, in which the creature's most spe- 
cializeù sense of touch seems to reside. Some of these tactile append- 
ages, as w<.>ll as some of the ocelli, send their nerves to the posterior 
or parieto-splanchnic ganglia, while' those situat
d on the anterior 
borders of the mantle communicate with the anterior or oral ganglia. 
The latter ganglia also receive filaments from the so-called labial ap:- 
penJages, whose function is uncertain, though it has been suggested 
that they may be organs of taste or sInell. Last
y, in close relation 
with the pedal ganglia or ganglion, there are two minute saccules 
(Fig. 9, 8), to which an aU(.litory function is usually ascribed. 
Thus we find among these headless mollusks a distribution of spe- 
cially impressible parts o
' sensory organs, such as cannot be paralleled 
among any othC'r animals. The sense of touch and the sense of 
ight 
seem to be Inore especially in relation wi.th the gn
at posterior gan- 
glia. These sensory functions are, however, to a minor extent shared 
by the oral ganglia, which are also in relation ,,
ith parts that may 
possiLly be organs of ta
te or smel.I. On the other hand, auditory 
impressions are inyariably brought into relation with th.e inferior or 
pedal ganglia. In these headless mollusks, therefore, the functions 
pertaining to the brain in other ånimals are distributed in a very re- 
markable manner, and the anterior ganglia cannot in them be proper- 
ly regarded as rel)resenting such an organ. 
Th
 viscera in these lamellibranchs are also in relation with the 
three pairs of ganglia, and not exclusively with anyone of them. 
Filaments to the intestinal canal and the liver are usually given off 
from the commissures between the anterior and the posterior ganglia; 
the genital organs arc in connection with filanlf'llts coming from the 
commissures between the anterior and the inferior or pedal ganglia; 
while the branchiæ are in relation with the ganglia at the posterior 
part of the hody.1 
Thf're is another interesting class of mollusks-the Ptí-ropocla- 
which, in respect of powers of locomotion and the possession of a dis- 
tinct head,-may, if for no other reasons, be said 
o lead us on from the 
cOlilparatively sluggish. bivalve lJIllllu8ca to the gasteropods and the 
cephalopod
, all of which are distinguished by definite and wiele- 
reaching powers of locomotion, and by the possession of a distinct 
head carr y iu o ' sense-Ol'aans and a more or Jess developed brain. 
. b b'. 


1 In speaking of the nèrvous system of the lamellibranchs) I have not alh
ded to cer- 
tain small accessory ganglia which exist in some of them in relation" ith peculiar special- 
ly developed contractile structures. 
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The possession, by m
lny members of this cla8
, of two fin-like mus- 
cular expansions attached to the side of the head induced Cuvier to 
give them the nmne Pte}'opoda. Prof. Owen says: "All the species 
of Pteropoda aré of small size; they float in the open sea, oftcll at 
great distances from any shore, aud senre, with the .Acalcphæ, to 
people the remote tracts of the ocean. In the latitudes suitable to 
their well-beiu{Yo the little Pte}'onoda swarm in incrediLle uumbC'rs, so 
0' 1 J 
as to discolor the surface of the sea for leagues; and the Clio and the 
Limacina constitute, in the northern seas, the principal article of food 
of the great whales." 
Some of the least highly-organized members of this class, such as 
tbe IIyalaceæ, are provided with a bivalv
 shell, and c'::UHlot be said 
to possess a head. They have a sim'ple commencement of the ali- 
mentary canal at the anterior extremity of the body; but since this 
anterior extremity has no tactile appendages aud no eyes, and iuas- 
much as it also contains no cerebral ganglia, it can have no claim to 
be considered as a head. Their chief nervous centre consists of a 
flat, somewhat quadrate, sub-æsophageal ganglion, to the anterior 
angles of which is attacllCd a nervous commissure which extends 
upward so as to encircle the gullet, though there are no ganglia either 
on or at the sides of this tube in the usual situation occupied by cere- 
bral ganglia. 
In other ptero})ods devoid of a shell, we meet with a higher organ- 
ization. Thus in Clio there is a distinct head bearing sen
ory ap- 
pendages in the form. of two tent'acula and two eyes, and containing 
in its interior a brain. This ùrain is represented br two connected 
super-æsophagea1. ganglia, which are in relation, by means of nerves, 
with the cephalic sensory organs, and in connection with the sub-æso- 
phageal commissure are the two })edal and two branchial ganglia. 
The two pairs of ganglia exist separately in Clio and its allies, 
though they are combined into one quadrate mass in IIyalea. In this 
latter there are two acoustic yesicles in contact with the' anterior part 
of the great ganglion, while in Clio similar vesicles are in connection 
with the anterior pair of sub-æsophageal ganglia-that is, with the 
pair which corresponds with the pedal ganglia of the common biyalve 
mollusks. 
Gasteropoc1s constitute ::i class of organisms which, in point of 
numbers, can only 
e com})ared with the still more numerously repre- 
sentell class of insects. Their name is derived from the fact tbat 
these animals crawl by means of a large muscular expansion stretchec1 
out beneath the viscera. The locomotion of tII{' members of this class. 
may he said to Le, in the main) dependent upon their own indiyidual 
efforts, so that, jll this respect, they differ widely from the pteropods, 
who<;;;e locomotions are brouO'ht about b y winds c1rivinO" them alonO' 

 0 ö 
the surface of the water on which they float. . 
Some gasteropods are terrestrial, air-ln-eathing animals. though by 
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far the greater number are aquatic, and breathe by means of gills. 
But being all of them, as Prof. Owen says, "endowed with power to 
attain, subdue, and devour organic matter, d
ad and living," we find 
their nervous system not only better developed, more complex and 
concentrated, but also in relation with more highly-evolved organs of 
special sense and eXl)loration. It offers considerable variations in its 
. general arrangement, especially as regards relative l)ositions of gan- 
glia, though these modificat.ions are, to a great extent, referable to 
differences in the outward configuration of the body. 
Some of the differences in external form which are to be met with 
among gasteropods are well illustrated by the limpet or the (Ohiton, as 
compared with the snail. Here differences in form coexist with dif- 
fcrences in habit, so that we almoat necessarily meet with notable 
variations in the disposition of the principal parts of the nervous 
system. 
In the limpet we find that the two small cerebral gan
lia (Fig. 
10, a) are widely separated from OLle another, and lie at the side of the 
æsophagus. Each receives a rather large nerve from one of the ten- 
tacles, and a smaller optic nerve. A commissure connects these cere- 
bral ganglia above tI10 æsophagus with one another, while each of 
them is also in relation by means of two descending commissures 
with a series of four connected ganglia forming a transversely-ar- 
ranged row beneath the æsophagus. Of these the two median gan- 
glia (B) correspond with the pedal, while tbe two external (G) cor- 
regpond with the branchial ganglia, though they are here separated 
from one another by an immen
ely wide intervaL 
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FIG. lO.-NERVOUS SYSTEM OF THE 
COMMON Lm.PET. 


FIG. It.-NERVOUS SYSTEM OF (Jhilon 
marmoratU8. 


However small and undeveloped t.be duplex brain of the limpet 
may be, this organ exists in an even more rudimentary state in some 
other gasteropods. Thus, in the chiton, which is a close ally of the 
limpet, and about the Dlost simIJly organized of all the gasteropods, 
there are neither tentacles nor eyes, and, as a consequence of this, 
VOL. x.-3 
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there are (Fig. 11) no supra-æsophageal ganglia. There is nothing, 
in fact, to which the term brain can be appropriately applied. 
But, if we turn now to the much more active snail, we find the ner- 
vous system existing in a more developed and concentrated form. 
There is ( Fin' 1:l l ) a brcre O'aucrlionic mass situated over the æso l )ha- 
r>.' 0 0 0 
gus, each half of which receives a consideral}le bundle of nerve-fibres 
(f) from the eye (b) of the smaller side, which is situated at the tip of 
the larger tentacle. It also receives another bundle of nerves (k) 
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FIG 12.-HEAD AND ÑERVOUS SYSTEM OF THE COMMON SNAIL. 


from the small tentacle on each side, which has in all probability a 
tactile function. The auditory \"e
icles are here in a Hew position. 
They are in immediate relati0n with the posterior aspect of these 
ganglia constituting the brain, though in other gastp.ropods they are, 
as in bivalve .1IIollusca, found to be connected with the pedal ganglia. 
'fhat gasteropods are endowed with a rudimentary sense of smell is 
now generally admitted by naturalists, though hitherto they ha\Te 
been unable to locate thiR endowment in any particulal' organ or sur- 
face-region. 
The brain of the fmail is connected, by means of a triple cord or 
commissure on each side of the æsophagus, with a still longer double 
ganglionic mass (m). This latter body, situa.ted beneath the æsopha- 
gus, represents the pair of pedal and the pair of branchial ganglia of 
the bivalve lJlollusca. Hcre nerves are received from the integument 
and given off to the muscles of the foot, while they are also received 
and given off from the respiratory and other organs. 
In the 1l3utilus and some other representatives of the next class, 
Cephalopoda, the nervous system attains a development only slightly 
in advance of that met with among the highest gasteropods, though 
in the active and predaceous cuttle-fish, and in its near ally, the octo- 
pus, we find the nervous system presenting the highest development 
to be met with among the sub-kingdom Mollusca. 
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One of the most striking characteristics of the principal nerve- 
centres of the cuttle-fish is the fact of the existence of a very large 
optic ganglion (Fig. 13, 2), in connection with a well-developcd eye 
on each side. Each optic lobe, according to Lockhart Clarke, is "a
 
large as the rest of thc cephalic ganglia on both sides taken together." 
From each of these lobes an optic peduncle passes inward to join a 
f'upra-æsophageal ganglionic mass, which bears on its surface a large 
bilobed ganglion (1), thought by Clarke to be homologous with the 
ccrebrallobes of fishes. It is connected, by means of two short cords, 
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FIG. lB.-NERVOUS SYSTEM OF THE COMMON CUTTLE-FISII (Sepia ojJiânalÏ8). 


with a much smaller bilobed ganglion, known as the pharyngeal ('1). 
This double ganglion receives nerves from what are presumed to be 
the organs of taste and smelI, and gives off nerves to the tongue 
and powerful parrot-like jaws with which the creature is provided. 
The supra-æsophageal mass is connected, by cords at the sides of 
the æsophagus, with a ycry large ganglion lying beneath it (4), which 
is partiaIIy divided into an anterior and a posterior division. The 
anterior division is in relation, by means of large nerves (6), with the 
feet and tentacles. A commissure a180 unites it with the pharyngeal 
ganglion, so that the tentacles and arms are tlJUB able to be brought 
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into correlated action with the jaws. The posterior portion of the 
sub-æsophageal mass receives nerves from, aud also gives off nerves 
(14) to, the branchiæ and other viscera, as well as to the mantle (13,13). 
The auditory organs and their nerves are also connected with this 
brauchial and pallial ganglion. These organs are lodged in the sub- 
stance of the cartilaginous framework investing tbe nerve-ganglia-a 
structure wbich seems to answer to a rudimentary skull. The roots 
of the auditory nerves are probably principally in relation with the 
pallial portion of the branchio-pallial ganglion. The locomotions of 
these creatures are largely brought about by contractions of the pal- 
lial chamber, though these contractions of the mantle are also subser- 
vient to the respiratory function. 
The share which the branchió-pallial ganglia take in bringing 
about and regulating the movements of the cuttle-fish would seem to 
explain the connection of the auditory nerves with them rather than 
with the homologues of the pedal ganglion, with which the auditory 
saccules are in relation in most other mollusks. But, whatever may 
be the precise explanation of the different connections of the auditory 
nerves in the cuttle-fish tribe, the fact remains tbat their connections 
are still away from the lwain proper. They are, as in most other 
Mollusca and in those insects in which auditory organs are known to 
occur, in intimate relation with one of tbe principal motor centres. 
This survey of some of the principal forms of the invertebratt} 
brain, brief though it has been, should have sufficed to call attention 
to the following important facts and inferences: 
1. That sedentary animals, though they may possess a nervous 
system, are often headless, ;I-nd then Lave nothing answering to a 
brain. 
2. That where a brain does exist, it is invariably a double organ. 
Its two halves may be widely separated from one another, though at 
other times they are fused into a single mass. 
3. That the component or elementary parts of the brain in th
8e 
lower anim3Js are ganglia in connection with some of those special 
impressible parts or sense-organs, by means of which the animal is 
brought into harmony with its environment or meùium. 
4. That the sensory ganglia, which as an aggregate constitute the 
brain of invertebrate animals, are connected with one another both 
on the same and on opposite sides of the body, either by continuous 
growth or by means of commissures. 
5. The size of the brain as a whole, or of its several parts, is 
strictly regulated by the development of the animal's special sense- 
organs. This is so, becanse) the more these impressihle surfaces be- 
come elaborated and attuned to help in discriminating between nu- 
merous different external impressions, the larger are the ganglionic 
masses with which their nerves are in relation. 
6. Of the several sense-organs and sensory ganglia whose activity 
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lies at the root of the intel1ectual and instinctive life (such as it is) 
of invertebrate animals, some are much more important than others. 
Two are notable for their greater proportional development, viz., 
tactile organs and visual organs. The former are soon outstripped in 
importance by the latter. The visual sense, indeed, and its related 
nerve-ganglia, attain an altogether exceptional development in the 
higher insects and mollusks. 
7. The sense of taste and that of 8mell are developed to a much 
lower extent. It is even difficult to point to distinct organs or im- 
pressible surfaces as certainly devoted to the reception of impressions 
of this kind. 
8. The sense of hearing is also developed to a very slight extent. 
No distinct sense-organ of this kind has been discovered, except in a 
few insects and in members of the sub-kingdom Mollusca It is, 
however, of no small interest to find that, where these organs do exist, 
the nerves issuing from them are not in direct relation with the brain, 
but are immediately connected with one of the princi}Jal loc.omotor 
nerve-centres of the body. 
9. The associated gang1ia representing the single or double brain 
are, in animals possessing a head, the centres in which aU impressions 
from sense-organs, save those last mentioned (the auditory), are re- 
flected on to appropriate groups of muscles. This reflection occurs 
either at once or after the stimulus has passed through other ganglia, 
whence it is passed along nerves to those groups or combinations of 
muscles whose simultaneous or suécessh e contractions give rise to 
the organism's reply to such impressions. It may be easily under- 
stood, thel'efore, that in all such animals perfection of 
ense-organs, 
size of brain, and power of executing varied muscular movements, 
are intimately related to one another. 
10. But a fairly parallel correlation also becomes established be- 
tween these various developments and that of the internal organs. 
An increasing visceral complexity is gradually attained. Such in- 
creased visceral complexity carries with it the necessity for a further 
developme
t of nervous communications. The several internal or- 
gans have to be brought into more perfect relation with the sensori-. 
motor nervous system, and also with one another, for aU joint actions 
in which two or more of them may be concerned. 
11. In invertebrate animals the visceral system of nerves 11as,. 
when compared with the rest of the nervous system, a greater pro- 
portional development than among vertebrate animals. Its importance 
among the Inverrtebrata is not dwarfed by tbe enormous development 
of the brain and spinal cord, wbich gradually declares itself among 
tbe TTertebrata. 
12. Impressions emanating from tlie viscera and stimulating the 
organism to movemellts of various kinds, wbether in pursuit of food 
or of a mate, would, therefore, have a proportionall)' greater impor- 
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tance as constituting part of the ordinary mental life of invertebra
e 
animals. 
IoYements thus initiated will be found to afford a basIs 
for the dcvelopment of many so-called instincti ve acts. 


... 


PRENATAL AND INFANTILE CULTURE! 


By DB. E. SEGUIN. 


T o educate children for themseh"es is I'are in Europe, and is 
considered rather quixotic. The youth of the people are mer- 
chantable commodities, soon to be credited to the l):lrty which puts 
its stamp upon them. Therefore, \vhen they are worth having, they 
åre picked up as eagerly as nuggets. Priests pretend to teach them 
to think, yet care only to impose upon them a belief which implies 
obedience to their craft; l{aisers claim their direction, not to elevate 
them, but to put them among their droves of subjects; bourgeois and 
manufacturers give them a minimum of instruction, just sufficient to 
insure their working dependence, and to qualify their own sons to be 
fed at the public expense; while the working-men themselves-de- 
moralized by such examples-IHlt their apprentices at menial employ- 
mcnt, and cheat tl)em out of their rightful technical training. 
]'rom tbis standpoint we consider European children as in four 
groups: those who receive no education; those who do not receive 
the education they need; tlwse who receive an education which dis- 
qualifies them for work; and those whose education prep:.ues them 
for work. )from another point of view we saw that the European 
children enter the school younger, are trained longer, and are ad- 
vanced further, than the Americans. .....\s a consequence of this last 
contrast, we shan have lcss to say about the primary and grammar 
schools, and more about the infantile and the professional. 'Ve will 
leave the other consequences to issue naturally from observation. 
1. THE CRADLE.-At the Vienna Exposition there was a pavillon 
de l'enfant (infant pavilion), a room replete with the necessaries of 
the nursery-and also with its superfluit.ies-intended altogether to 
represent the unboundpd wishes of a mother for her baby's comfort 
and happiness. This palace of luxurious nursing ought, in the esti- 
mation of the writer, to have been accompanied by a little manual of 
what is necessary to protect and to prepare life before nativity, in re- 
lation to what may be called fætal education. 
During this first period the feclings come lnainly through reflex 
impressions from the mother, a process which not only lays the foun- 
dation of health and vitality, but which forms the decpcr strata of 
1 Extracts from the Report of tbe Commissioners of t
 United States to the Inter- 
national Exhibition held at Vienna, 1873. 
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the moral dispositions and of the so-called innate ideas. The man- 
agers of the world" from behind the screens" know this, for it is at 
this time that they impose on plebeian women pilgrimages and ec- 
static "novenas," 1 and keep those of a higher class under more strin- 
gent impressions. Here, in Vienna, for instance, from the time of the 
Emperor Charles V. till quite recently, when an heir to the throne 
was expected, the empress was given in <-,harge of a 
pecial director, 
who would regulate all her actions and surroundings, in yiew of com- 
mencing the course of submissive education of the contingent mon- 
arch, as early as the first evolution from the yolk-substance of the 
human egg during embryogenesis. Similar influence is now claimed 
for an object diametrically opposed to the degeneracy thus arrived at 
in the house of Hapsburg. It can be attained by counsels printed 
either in book-form or on scrolJs, as are the sentences of the Koran. 
But, whatever may be the form given to this 1nagna charta of the 
rights of the unborn, let it be found precisely where these rights 
ought to be kept most sacred, in the nursery; where their enforce- 
ment would protect the mother and elevate her function, at the same 
time that it would insure her ii'uit against the decay resulting from 
wrong prenatal impressions. 
We know that a cold contact with the mother makes the fætus fly 
to the antipode of its narrow berth; that a rude sl}cck may destroy 
it, or originate life-long infirmities; Û}at. the emotion of fear in tIle 
mother is terror or fits within; that harsh words vibrate as sensibly 
in the liquor of the amnion as in the fluid of the labyrinth of the ear. 
For instance, when a mother has lulled her home-sorrows with strains 
of soothing music, her child, too often an idiot, shows wonderful mu- 
sical proclivities amid the wreck of all the other faculties of his mind. 
For thirty-five years the writer has furnished his share of the facts, 
which abound in modern books on physiology, in support of this 
doctrine. 
It is useless to give here the illustrations detailed in the report; 
but experienced physicians will testify that, when their hands receive 
a new-comer, they plainly read upon his features the dominant feel- 
ings and emotions of its mother during that intra-uterine education 
whose imprints trace the channel of future sympathies and abilities. 
Therefore if it is noble work to educate or to cure the insane, the 
, 
idiot, the hemiplegic, the epileptiC', and the choreic, how much hlgher 
is the work of preventing these degeneracies in the incipient being, 
by averting those commotions which storm him in the holy region in- 
tended for a terrestrial paradise during the period of eyolution! To 
teach him reverence toward the bearer of his race, to instruct her in 
the sacredness of bland and serene feeJings during the Godlike cre- 
atiye process, is educating two geIH'rations at once-this is the high- 
est education of the nursery. 
1 A nine days' season of prayer. 
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From this, the true cradle of mankind, let us look at that made 
for the baby. There was no end of cradles in the pavillon de l'enfant J. 
and we lllay find more philosophy in them than the upholsterer in- 
tended to put there. Therein the infant will at first but continue his 
ovum-life; and for this the cradle must be fitted. Let us see. The 
head is bent, the extremities :1re drawn up, and the body shaped like 
a crescent. This attitude gives to the muscles the greatest relaxation, 
and to the cartilage
, which cap the bones, the position most favor- 
able to nutrition and growth. Generally, the baby rests on the right 
side, to free the heart from pressure and to facilitate its movements. 
In this mode of reclining, the left hemi-cerebrum will contain more 
blood than the right, which is compressed by the pillow. Attitudes 
concordant with the sleepy habits of the first months, and the activitJ 
of the mind during this long sleepiness, indicate the future prepoll- 
derance of the mental operations of the left over the right side of the 
brain, the approaching superior nutrition and dexterity of the right 
over the left hand, and later even the causation of paralysis on the 
left. For the present, and for some time yet, tbe infant will live 
mainly in his sleep; during which, more than when awake, he will be 
seen angry, smiling, or thinking, even in his well-defined dre3ms. 
I-Iow importa.nt it is, then, that the cradle be formed in accord- 
a.nce with these natural indications! A transitory abode between the 
basin and the bed, it should be a warm, soft, yet supporting recipient, 
:trnpler than the former, better defined in its shape t.han the latter, 
with curves less short than circles, and more varied than ovals. An 
egg, vertically split, would make two such cradles, or nests, suited 
either for child or bird. 
But as soon as the nursling awakes to the world, and wants to be 
introduced to everything, his couch must be enlarged and enlivened, 
and must look more and more like a school and play-room. Other- 
wise it becomes a prison, whence, Tantalus-like, baby looks at his 
'Surroundings. I-Iet'e is his first lesson of practical sociability. To 
see, and not be able to reach, to perceive images, with no possibility 
of seizing the objects, renders him impatient, fretful, or unconcerned, 
and opens an era of exaction upon others, or of diffidence of himself, 
or of indifference for any attainment, which unavoidably ends in im- 
morality or incapacity, or in both. Viewed from this standpoint, 
these cradles, so varied, so elegant, so easy to keep clean, and to carry 
from the light of the window by day to the recess of th
 alcove at 
night-the best being of French and Austrian manufacture-are yet 
very imperfect in their bearing on education. Let us mark some of 
their shortcomings. 
Little ones have an instinctive horror of isolation. Whoever 
studies them knows that when they aYfake they look not, at first, 
with staring eyes, but with searching hands; they seek not for sights, 
but for contacts. This love of contact, wnence results the primary 
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education of the most general sense, the touch, is ill-satisfied with the 
uniformity of the materials at hand, as exemp1ified at Vienna or Paris. 
(In November last I saw a similar exhibition, a pavillon de l'enfant, 
in the Champs Élysées, Lut it was no improvenlent on that of the 
Prat(>r. ) 
In this respect, the child of poor people farcs better, baving tll(' 
opportunity of amusing himself for hours in experiencing the rude or 
soft, warm or cold, contacts of his miscellaneous surroundinO's. 
o , 
whereas the hand of the offspring of the rich finds all around the 
sameness of smooth tissues, which awake in his mind no curiosity; 
he calls for some one to amuse him, gets :first angry, then indifferent, 
and does not improve the main and surest sense of knowledge, his 
touch. 
But soon other senses are awakened: audition-of which here- 
after-and yision, for the enjoyment of which the cradle becomes a 
kind of theatre. For a mother must be very destitute or despondent 
who does not try to enliven it with some bright things laid on, or 
flapping above. One may benevolently smile at the extravagancies 
of colors and l)atterns intended to express this feeling, but these ex- 
aggerations must also give a serious warning. 
Physiologically viewed, this is a grave matter. The form of the 
cradle demands :fitness; its ornamentation requires a more extended 
knowledge. 'Vhen planning it, a mother must remember that the 
:fiY.:ity of the eye upon any object-particularly upon a brigl1t one, 
and more so if that object is situated upward and sideways from the 
ordinary range of vision-and through the eye the fixedness of the 
mind while the body is in a state of repose, constitute a concurrence 
of conditions eminently favorable to the production of hypnotism, and 
its terrible sequels, strabismus and convulsions. Hypnotism, which, 
when unsuspected, is not controlled, is often mistaken for tranquil 
happiness or natural sleep. 
PsychologicaHy viewed, the decoration of the cradle is of equal 
moment. To surround an infant with highly wrought or colored 
figures, often grotesque, or at least untrue to Nature, may, by day, 
attract more attention than bis faculties of perception can safely 
bestow; llCnce fatigue of the brain, or worse; but it will, by night, 
evoke other than the perceptive and rational powers, for, when the 
lights and shadows of dusk alter all the forms and deepen every 
color, the faculty of imprinting images being led astray, it photo- 
graphs distorted imprints frOlll confused, often moving, sometimes 
rustling, ornaments. In this way the mind is made the subject of hal- 
lucinations, which it accepts as objective, without inquiring into their 
causes, till it comes to the fatal credo quia absurdum (I believe, be- 
cause it is absurd). The seeds of most of the insanities are sown at 
or before this time. 
These were the first impressions that forced themselves upon my 
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mind in the pavillon de l'enfant. Here is, in a few words, a réðumé 
of them: Paucity of the material upon which the inexperienced yet 
inquisitive baby can exercise, with interest and profit, his sense of 
touch; profusion, bad taste, and dangerous disposition of the objects 
which speak to the eye, if not al ways with the intention, at least 
with the almost uniform result, of giving wrong or dangerous im- 
pressions. 
Attention was next called to what had been done, and to what had 
been left undone, for the cultivation or the satisfaction of the other 
senses of the infant. But here it was soon perceived that our inqui- 
ries went beyond the sphere of what was l'xhibited. There were 
plenty of Farina's aud Rimmel's volatilities, some of Alexander's, De- 
hain's, or Smith's sighing accord eons, but no means of cheering and 
educating the nascent yet already inquisitive senses. Further exami
 
nation showed that the perfumes were there as an attenuation and 
the music as a distraction, and both intended for other senses than 
the infant's. From these and other omissions it was concluded that 
nursery arrangements are as yet intended rather for the mother's aud 
nurse's comfort than for the baby's improvement. 
2. THE CRÈcHE.-This pavillon de l'enfant ought to contain at 
least ene model crèche. 
Orèche is the French name of the public nursery where working- 
women leave their little ones in the morning, and whence they bring 
them home at night. The crèc/te! Horrid necessity! Beginning of 
the communistic inclined plane upon which those who pay and do not 
receive rents slide with a fearful rapidity; yet a kind institution for 
those already fallen into the gulf. Since, therefore, crèches must 
be, their latest improvements should have been represented at the 
Vienna Exhibition next to the appliances of the most lu
urious 
nursing. There could have been tested the action of colors, of light, 
and its various attributes, on the organ of vision; the influence 
of varied sounds, of harr,nonies and melodies on the virgin audi- 
tion, the mind, and the sympathetic centres; the power of IH'imary 
perceptions to awaken first ideas, to impel to determinations of the 
will, and to raise or calm the various passions; the effects of diet 
upon those passions; the effect of modification of food and digestion; 
the influence of rest and sleep on the body's temperature, on the pulse 
and respiration; the influence of the artificial, the moist, or the dry 
heat of the nursery on the too precocious development of the nervous 
centres, and, suhsequently, on the prevalence of chron.ic or acute 
meningitis, diphtheria, and croup; besides many other problems 
whose solution depends on the early study of phenomena which can 
be found in the crèche as surelr as tbe flower in the bud. There, bet- 
ter than anywhere else, they may he studied with profit to all parties. 
Let us bear in mind tbat the rich man can never flatter himself that 
he does a gratuitous charity, since from its poor recipient comes many 
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times its worth in useful experience, directly benefiting tIle would-be 
benefactor. We do not overlook the fact that many mothers, particu- 
larly among those both educated and fruitful, pay the closest atten- 
tion to these questions, and l)ecome expert therein, but, as they lack 
the means of record and transmission of their observations, their ex- 
perience dies, so to speak, with each generation. Hence the nursing 
of babies continues to be a work of devotion, but does not become 
the coördinated and progressive art it ought to be in well-organized 
crèc/te8 open to criticism in public exhibitions. Thus in Vienna, at 
least, an opportunity was lost. 


... 
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THE THREE HYPOTHESES OF l'HE HISTORY OF NATURE. 


W E live and form part of a system of things of immense diver- 
sity and perplexity, which we call Nature, and it is a matter 
of the deepest interest to all of us that Wp should form just concep- 
tions of the constitution of that system and of its past history. 'Vith 
relation to this universe, man is, in extent, little more than a mathe- 
matical point; in duration, but a fleeting shadow. lIe is a reed shaken 
in the winds of force; but, as Pascal long ago remarked, although a 
reed, he is a thinking reed, and, in virtue of that wonderful capacity 
of thought, he has a power of framing to himself a s)"mbolic concep- 
tion of the universe, which, although doubtless highly imperfect, and 
although wholly inadequate as a picture of that great whole, is yet 
sufficient to serve him as a guide-book in his practical affairs. It has 
taken long ages of accumulated and often fruitless labor to enalJle 
man to look steadily at the shifting scenes, phantasmagoria of 1\ a- 
ture, to notice what is :fixed among her fluctuations, and what is regu- 
lar among her apparent irregularities; and it is only comparatively 
lately, within the last few centuries, that there has emcrged the con- 
ception of a pervading order and a definite course of things, which 
we term the course of Nature. 
But out of tbis contemplation of Nature, and out of man's thought 
concerning her, tlwre l)as in these later times m.isen that conccI)tion 
of the constancy of Nature to which I have referred, and which at 
length has become the guiding conception of modern thought. It has 
ceased to be almost conceivable to any person "ho is familiar with 
1 The first of three lectures on "The Direct Evidence of Evolution," delivered a.t 
Chickering Hall, New York, September 18th. From the report of the l';:'ew rork 1'-ribu
, 
carefully revised by Prof. Hux]ey. 
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the facts upon which that conception is baseà., that chance should 
have any place in the universe, or that eventR should follow anything 
but the natural order of cause and effect. 'Ve have come to look upon 
the present as the child of the })ast and as the parent of the future; 
and, as we have excluded chance from any share or part in the order 
of things, so in the present order of Nature men have come to neglect, 
even as a possibility, the notion of any interference with that order. 
And, whatever may be men's speculative notions upon those points, it 
is quite certain that every inteIligent person guides his life and risks 
his fortune upon the belief that the order of Nature is constant, and 
the relation of cause to effect unchanged. 
In fact, there is no belief which we entertain which has so com- 
plete a logical basis as that to which I have just referred. It tacitly 
underlies every process of reasoning; it is the foundation of every 
act of the will. It is based upon the broadest induction, and it is 
verified by the most constant, regular, and universal of deductive 
processes. But we must recollect that any human belief, however 
broad its basis, however defensible it may seem, is, after all, only a 
probable belief, and that our broadest generalizations are simply 
statements of the highest degrees of probability. Though we are 
quite clear about the constancy of Nature at the present time, and in 
the present order of thing
, it ùy no means follows necessarily that 
we are justified in expanding this generalization into the past, and in 
denying absolutely that there may have been a time when Nature did 
not follow a fixed order, when the relations of cause and effect were 
not definite, and when external agencies did not intprvene in the gen- 
eral course of Nature. Cautious men will admit that such a change 
in the order of Nature may have been possible, just as a very candid 
thinker may admit that there may be a world in which two and two 
do not make four, and in which two straight lines do not inclose a 
space. In fact, this question with which I have to deal in the three 
lectures I shall have the honor of delivering before you, this question 
as to the past order of Nature, is essentially an historical question, and 
it is one that must be dealt with in the same way as any other histori- 
cal problem. . 
I will, if you please, in the first place, state to you what are the 
views which have been entertained respecting the order of Nature in 
the past, and then I will consider what evidence is in our possession 
bearing upon these views, and by what light of criticism that evidence 
is to be interpreted. So far as I know, there are only three hypotlwses 
which ever have been entertained, or which well can be entertained, 
respecting the past history of Nature. 
Upon the first of tJ1Pse the assumption is, that the order of Nature 
which now obtains has always obtained; in other words, that the 
present course of Nature, the present order of thin
!iI, has existed 
from all eternity. The second hypothesis is, that the present state of 
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things has had only a limited duration, and that at some period in tbe 
past the stat
 of things which we now know (substantially, though not, 
of course, in all its details) arose and came into existellcc without any 
precedent condition from which it could have naturally proceeded. 
The third hypothesis also assumes that the })resent order of Nature 
has had but a limited duration, but it supposes that the present order 
of things proceeded by a natural In'ocess from nn antecedent order, 
and that from anotI1Pr antecedent order, and so on; and on this hy- 
pothesis the attempt to fix allY limit at which we could assign the 
commencement of this series of changes is given up. I am very 
anxious that you shall realize what these three hypotheses actu
lly 
mean; that is to say, wbat they inyolve, if you can imagine a spec- 
tator to have been present during the period to which they refer. On 
the first hypothesis, however far back in time you place that specta- 
tor, he would have seen a world essentially, though not perhaps in all 
its details, similar to that which now exists. The animals which ex- 
isted would be the ancestors of tho
e which now exist, and like them; 
the plants in like manner would be such as we have now; and the 
supposition is that, at however distant a period of time you place your 
observer, he would still find mountains, plains, and waters, with ani- 
mal and vegetable products flourishing upon them and sporting in 
them just as he finds now. That view has been held. It was a favor- 
ite fancy of antiquity, and has survived toward the present day. It 
is worthy of remark that it is an hypothesis which is not incomsistent 
with what geologists are familiar with as the doctrine of 1) niformita- 
rianism. That doctrine was held by Hutton, and in his earlier days 
by Lyell. FOI' IIutton was struck with the demonstration of astrono- 
mers that the perturbations of tIle planetary bodies, however great 
they may be, yet sooner or later right themselves, and that tbe solar 
system contained within itself a self-adjusting power by which these 
aberrations were all brought back to an equilibrium. 
Hutton imagined tIlat something of the same kind may go on in 
the earth, although no one recognized more clearly than he the fact 
that the dry land is being constantly washed down by rain and riyers 
and deposited in the sea, and that thus in a cert:lÍn length of time, 
greater or shorter, the inequalities of the earth's surface must b
 
leveled, and its high lands brought down to the sea. Then, taking iuto 
account the internal forces of Nature, by which upheavals of the sea- 
bottom give rise to new land, he thought tþat these operations might 
naturally compensate each other, and thus, for any assignable time, 
the general features. of the earth might remain what they are. And, 
inasmuch as there need be no limit under these circumstances to the 
propagation of animals and plants, it is clear that tbe logical develop- 
ment of this idea might lead to tIle concel,tion of the eternity of the 
world. Not that I mean to say that either Hutton or Lyell held this 
conception-assureil]y not; they would have been the first to repu- 
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diate it. But, by the arguments they used, it might have been pos- 
sible to justify this hypothesis. 
The second hypothesis is that to which I have referred as the 
hypothesis which supposes that the present order of things had at 
some no very remote time a sudden origin, so that the world, such as 
it now is, arose. That is the doctrine which you will find stated most 
fully and clearly in the immortal poem of J olm J\lilton, the English 
"Divina Commedia," "Paradise Lost." I believe it is largely to 
the influence of that remarkable work, combined with daily teachings 
to which we have all listened in our childhood, that this hypothesis 
owes its general wide diffusion as one of the current beliefs of :English- 
speaking people. If you tnrn to the seventh book of" Paradise Lost" 
you will find there stated the hypothesis to which I refer, which i8 
briefly this: That this visible universe of ours made its appearance 
at no great distance of time from the present day, and that the parts 
of which it is composed made their nppearance in a certain definite 
order in the sl)ace of six natural days, in such a manncr that in the 
first of these days light appeared; in the second, thc firmament or 
sky separated the water above from the water beneath it; on the 
third day the waters drew away from the dry land, and upon it a 
varied vegetable life similar to that which now exists made its ap- 
pearance; that the fourth d[ty was devoted to the apparition of the 
sun, the stars, the moon, and tbe planets; that on the fifth day aquatic 
animals originated within the waters; tbat on the sixth day the earth 
gave rise to onr four-footed terrestrial creatures, and to all varieties 
of terrestrial animals except birds, which had appeared on the pre- 
ceding day; and, finally, that man appeared upon the earth, and the 
work of fashioning the univer8e was finished. John l\Iilton, as I have 
said, leaves no doubt whatever as to how, in his judgment, these 
marvelous processes occurred. I doubt not that his immortal poem 
is familiar to all of you, but I should like to recall one passage to 
your minds, in order that I may be justified in what I have said re- 
garding the perfectly concrete, definite conception which l\Iilton had 
respecting the origin of the animal world. lIe saY8: 
" The sixth, and of creation last, arose 
With evening harps and matin; when God said, 
'Let the earth bring forth soul living in her kind, 
Cattle and creeping things, and beast of the earth, 
Each in their ldud.' The earth obeyed
 and straight 
Opening her fertile womb, teemed at a birth 
Innumerous living creatures, perfect forms, 
Limbed and full-grown; out of the ground uprose, 
As from his lair, the wild beast, where he wons 
In forest w
ld, in thicket, brake, or den; 
Among the trees in pairs they rose, and walked; 
The cattle in the fields and meadows green; 
Those rare and solitary, these in flocks 
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Pasturing at once, and in broad heards upsprung. 
The grm;sy clods now calved; now half appears 
The tawny lion, pawing to get free 
His hinder parts, then springs, as broke from bonds, 
And rampant shakes his brinded mane; the ounce, 
The libbarù, and the tiger, as the mole 
Rising, the crumbleù earth above them tllrew 
In hillocks; the swift stag from underground 
Bore up Lis branching head; scarce from his mould 
Behemoth, biggest born of eartb, upheaved 
His vastness; fleeced the flocks and bleating rose 
As plants; ambiguous between sea and land, 
The river-horse and scaly crocodile. 
At once came forth whatever creeps tbe ground, 
Insect or worm." 


There is no doubt as to the meaning of this statement, or as to 
what a man of )Iilton's genius expected would have been actualIy 
visible to one who could witness the process of the origination of liv- 
ing things. 
The third hypothesis, or the hypothesis of evolution, supposes that 
at any given period in the past we should meet with a state of thing.s 
more or less similar to the present, but lesR similar in proportion as 
we go back in time; that the physical form of the earth could be 
traced back in this way to a condition in which its parts were sepa- 
rated, as little more than a nebulous cloud making part of a whole in 
which we should find the sun and the other planetary bodies also re- 
solved; and that, if we traced back the animal world and the vege- 
table world, we should find preceding what now exist animals and 
plants not identical with them, but like them, only increasing their 
differences as we go back in time, and at the same time becoming 
simpler and simpler, until finally we should alTive at that gelatinous 
mass which, so far as our present knowledge goes, is the eommon 
foundation of all life. 
The hypothesis of evolution supposes tllat in all this vast progres- 
sion there would be no bréach of continuity, no point at which we 
could say" This is a natural process," and" This is not a natural pro- 
cess," but that the whole might be compared to that wonderful series 
of changes which may be seen going on every day under our eyes, in 
virtue of which there arises, out of that semifluid, honlogeneous sub- 
ftance which we call an egg, the complicated organization of one of 
the higher animals. That, in a few words, is what is meant by the 
hypothesis of evolution. 
I have already suggested that in dealing- with these three IIYJ)Oth- 
eses, in endeavoring to form a judgment as to which of tlIem is the 
more worthy of belief; or whether none is worthy of belief-and our 
condition of mind should be that suspension of judgment which is so 
difficult to all but trained minds-we should be indifferent to all a 
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priori considerations. The question is a question of fact, historical 
fact. The universe has come into existence somehow or other, and the 
question is, whether it came into existence in one fashion, or whether 
it came into existence in another; and, as an essential preliminary to 
our further discusHion, permit me to say two or three words as to the 
nature of historical evidence, and the kinds of historical evidence. 
The evidence as to the occurrence of any fact ill past time is of one or 
two kinds, which, for convenience' sake, I will speak of on the one hand 
as testimonial evidence, and on the other as circumstantial evidence. 
By testimonial evidence I mean human testimony; and by circum- 
stantial evidence I mean evidence which is not human testimony. Let 
me illustrate by a familiar figure what I mean by these two kinds of 
evidence, and what is to be said respecting their value: 
Suppose that a man tells you that he saw a })erson strike another' 
and kiU him; that is testimonial evidence of the fact of murder. But 
it is possible to have circumstantial evidence of the fact of murder; 
that is to say, you may find a man dying with a wound upon his head 
having exactly the form and character of the wound which is made by 
an axe, and, with due care to take surrounding circumstances into ac- 
count, you may conclude with the utmost certainty that the man has 
been murdered-is dying in consequence of the violence inflicted by 
that implement. V\T e are very much in the habit of considering cir- 
cumstantial evidence as of less value than testimonial evidence, and 
it may be in many cases, where the circumstances are not perfectly 
clear and perfectly inteHigible, that it is a dangerous and uncertain 
kind of eviùence; but it must not be forgotten that in many cases it 
is quite as good as testimonial evidence, and that not unfrequently it 
is a great deal better than testimonial evidence. For example, take 
the case to which I referred just now. The circumstantial evidence 
is better and more convincing than the testimonial evidence, for it is 
impossible, under the circumstances that I have mentioned, to suppose 
that the man had met his death from any cause but the violent blow 
of an axe wielded by another man. The circumstantial evidence in 
favor of a murder having been committed, in that case, is as complete 
and as convincing as evidence can be. It is evidence which is open 
to no doubt and no falsification. But the testimony of the witness is 
open to multitudinous doubts. He may have been mistaken. lIe may 
have been actuated by malice. It has constantly happened that even 
an accurate man has declared a thing has happened in this, that, or the 
other way, when a careful analysis of the circumstantial evidence has 
shown that it did not happen in that way, but in some other way. 
N ow we must turn to our three hypotheses. Let me first direct 
your attention to what is to be said about the hypothesis of the eter- 
nity of this state of things in which we now are. What will first 
strike you is, that that is an hypothesis which, whether true or false, is 
not capable of verification by evidence; for, in order to secure testi- 
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mony to an eternity of duration, you must have an eternity of wit- 
IJesses or an infinity of circumstances, and neither of these is attain- 
able. It is utterly impossible that such evidence shoulJ be carried 
beyond a certain point of time, and all that could be said at most 
should be that there was nothing to contradict the hypothesis. nut 
when you look, not to the testimonial evidence-which might not be 
good for much in this case-but to the circumstantial evidence, then 
you find that this hypothesis is absolutely incompatible with that cir- 
cumstantial evidence, and the evidence is of so plain and so simple a 
character that it is impossible in any way to escape from the conclu- 
sions which it forces upon us. 
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Yon are doubtless all aware that the crust of the earth , the BU. 
, , 
perficial }Jart of the earth, is not of an homogeneous character, but 
that it is made up of a number of beds or strata, the titles or the prin- 
cipal groups of which are placed npon the accompanying diagram
 
beds of sand, beds of stone, beds of clay, of slate, and of various 
other materials. 
On further e.xamination, it is fonnd that these beds of solid mate,:, 
rial are of exactly the same nature as these which arc at present being 
formed under known .conditions at the surface of the earth; that the 
chalk, for example, which forms a great part of the Cretaceous forma- 
tion in some parts of the world, is identical in its physical and chemi- 
cal characters, or practically'so, with a substance which is now being 
formed at the bottom of the Atlantic Ocean, and covers an enormous 
area; that other bodies of rock are comparable with the sands which 
are being formed upon sea-shores, packed together, and so on. Thus it 
comes to be certain that, omitting rocks of igneous origin, all these beds 
of stone, of which a total of not less than seventy thousand feet is 
known, have been deposited and formed by natural agencies, either 
out of the waste and washing of the dry land, or else a"s the product 
of plants and animals. N ow, these rocks or strata are full of the 
remains of animals and plants. Countless thousands of species of 
animals and plants, as perfectly recognizable as those which you lneet 
with in museums at the present day, or as the shells and remains 
which you pick up upon the beach-countless thousands of spe. 
cies of these creatures have been imbedded in the sand or lllud, or 
limestone, just as they are being imbedded now. They furnish us 
with a record, the general nature of which cannot be suhject to any 
misinterpretation, as to the kind of things that have lived upon the 
surface of the earth during the time that is registered by this great 
thickness of stratified rock. The most superficial study of these re- 
mains shows us that the animals and plants which live at the present 
time have bad only a temporary duration; that you will find them 
and such as they are now, for the most part, only in those uppermost 
of the strata called Tertiary. As you go back in time their places are 
taken by other forms as numerous and diversified, but different, and 
you will find yet others different from the Cretaceous or T
rtiary, and 
from those of the present day, and so on, as you go further and further 
back. Thus, the circumstantial evidence absolutely negatives the 
conception of the eternity of the present condition of things. 'Ve 
can say with certainty that such has not been the course of Nature. 
'Ve can say with certainty that the present condition of things has 
existed for a comparatively short period; and that, so far as animal 
and vegetable nature are concerned, it has heen preceded by a differ- 
ent condition of things. We can pursue this evidence until we reach 
the lowest of stratified rocks, in which we lose the indications of life 
altogether. The hypothesis of the eternity of the present condition 
of things ma.y, therefore, ùe put out of court. 



51 
We now come to what I may call :\IiIton's hypothesis-the }Jypoth- 
esis that the present condition of things has cndured for a compnra- 
tively moderate time, and at the commencement of that time came 
into existence within tht, course of six days. I doubt not tlwt it m.ay 
have excited some surprise in your minds that I should have 
poken 
of this as 1\1ilton's hypothesis, rather than that I should choose the 
terms which are much more familiar to you, such as "the doctrine of 
creation," or " the Biblical doctrine," or " the doctrine of 1\loses," all 
of which denominations, as app1ied to the hypothesis to which I have 
just referred, 
re certainly much more familiar to you tl1an the title 
of the 
Iiltonic hypothesis. But I have had wl}at I cannot but think 
are very weighty reasons for taking the course which I have pursued. 
For example, I have discarded the title of tlJe hypothesis of creation, 
because my present business is not with the question as to IJoW Nature 
has originated, as to the causes which have led to her origination, 
but as to the manner and order of the appearance of natural ohjects. 
Our present inquiry is not wby the objects which constitute Nature 
came into existence, but when they came into existence, and in wlJat 
order. This is a strictly historical question, a question as completely 
historical as that about tbe date at which the Angles and the Jutes 
invaded England. But the other question about creation is a I,hilo- 
80phical question, and one which cannot be soh-ed or even approached 
by the historical method. 'Vhat we want to know is, whether the 
fact
, so far as they are known, afford evid
nce that things arose in the 
way described by 
Iilton, or not; and, when that quef'tion is settled, 
it will be time enough to inquire as to the cau
es of their origination. 
In the second place, I have not spoken of tbis doctrine as tIle 
Biblical hypothesis. It is quite true that persons as diverse in their 
general views as l\Iilton the ProteRtant and the celebrated J e
mit 
j1"at her Suarez, each read in the first chapter of Genesis the interpre- 
tation adopted by :Milton. It is quite true that that inteI'J)retation, 
unless I mistake, is that which has been instilled into everyone of us 
in our childhood; but I do not for one moment venture to say that it 
can properly be called the Biblical doctrine. In the first place, it is 
not my business to say what the IIeùrew text contains, and wbat it 
òoes not; in the second ])lace, were I to say that tl1Ís is the Biùlical 
hyt>othesis, I should be Inet by the authority of many eminent schol- 
ars, to say nothing of men of science, who in recent times have abso- 
lutely denied that this doctrine is to be found in Genesis at all. If 
we are to listen to them, we must \)elieve what seems so clearly defined 
in Genesis-as if very great pains had been taken so that there should 
l)e no possibility of mistake-is not the meaning of the text at al1. 
The aceoullt is divided into periods that we may make just as long as 
convenience requires. 'Ye are also to underst
md that it is consistent 
with that phraseology to believe that plants and anima18 may have 
been evolved by natural processes, lasting for millions of years, out 
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of similar rudiments. A person who is not a lIe brew scholar can only 
stand by and admire the marvelous flexibility of a language which 
admits of such diverse interpretations. 
Assuredly, in the face of such contradictory authority upon mat- 
ters upon which he is competent to form no judgment, he will abstain 
from giving any opinion, as I do. In the third place, I have carefully 
abstained from speaking of this as a ..Mosaic doctrine, because 'we are 
now assured upon the authority of the highest critics, and even of 
dignitaries in the Church, that there is no evidence whatever that 
l\ioses ever wrote this chapter, or knew anything about it. Yon will 
uuderstand that I give no opinion-it woulù be an impertinence upon 
my l)art to volunteer an opinion upon such a subject. But, that being 
the state of opinion among the scholars and the clergy, it is well for 
us the laity, who staud outside, to avoid cntangling our
elves in such 
a vexed question. So, as happily :Milton leaves us no conceivable am- 
higuity as to what he means, I will continue to speak of the opinion 
in question as the l\Iiltonian hypothesis. 
N ow we have to test that hypothesis. For my part, I have no 
prejudice one way or the other. If there is evidence in favor of this 
view, I have no sort of theoretical difficulties in the way of accepting 
it, but there must be evidence. \Ve scientific men get an awkwanl 
habit-no, I won't call it that, for it is a valuable habit-of reason- 
ing, so that we believe nothing unless there is evidence for it; aud we 
have a way of looking upon belief which is Dot based upon evidence, 
not only as illogical, but as immoral. 'Ve win, if you please, test this 
view in the light of facts, for by what I have said you will understand 
that I don't propose to discuss the question of what testimonial evi- 
dence is to be adduced in fa\Tor of this view. If those whose business 
it is to judge are not at one as to the authenticity of the document, 
or as to the facts to which it Leal's witness, the discussion of testimo- 
nial evidence is superfluous. But one regards this less because the 
circumstantial evidence, if carefully considered, leads to the conclu- 
sion that the hypothesis is altogether inadequate, anù cannot be sus- 
taine<l. Aud the consiùerations upon which I base that conclusion 
are of the simplest possible character. 1Yhateyer the flexibility of in- 
terpretation of tbe statement on which 
Iilton's hypothesis is based, 
it is quite impossible to deny that it contains assertions of a very 
definite character relating to the succession of living forms. It is 
stated that plants, for examlJle, made their appearance upon the third 
day, and not before. And you will understand that what was nleant 
by plants are plants which now live-the trees and sh1'ubs which 
we now have. One of two things-either the existing plants have 
been the result of a separate origination of which we have no record 
or ground for supposition, or else they have arisen by process of 
evolution from the original stock. ...L\.nd, in the second place, it is 
clear that there was no animal life before the fourth day, and that on 
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the fourth day marine animals and birds appeared. And it is further 
clear that terrestrial life made its appearance upon the sixth day, and 
not before. Hence, it follows that, if in the large mass of circumstan- 
tial evidence as to what reaJIy has happened in the past history of the 
globe-if in that we find down to a certain point indications of the 
existence of terrestrial animals, it is perfectly certain that all that 
has taken place since that time must be referred to the sixth day. 
In this great Carboniferous formation whence America has de- 
rived so vast a proportion of her actual and potential wealth, in that 
formation and in the beds of coal which are formed from the verre- 
t) 
tation of that l)eriod, we find abundant evidence of the existence 
of terrestrial animals. They have been described not only by Euro- 
pean naturalists, but by your own naturalists. There are to be found 
in the coal of your own coal-fields numerous insects allied to our cock- 
roaches. There are to be found there spiders and scorpions of large 
size, and so similar to existing scorpions that it requires the practised 
eye of the naturalist to distinguish them. Inasmuch as these things 
can be proved to have been aliye in the Carboniferous epoch, it is per- 
fectly clear that, if the 
Iiltonic account is correct, the huge mass of 
rocks extending from the middle of the Palæozoic formations to the 
end of the series must belong to the day or period which is termed 
by )Iilton the sixth day of the creation. But, further, it is expressly 
stated that aquatic animals took their origin upon the fifth day, and 
did not exist before; hence all formations in which aquatic animals 
can be proved to exist, and which therefore lived at the time these 
formations were deposited, must have been deposited during the 
time of the period which l\Iilton speaks of as the fifth day. But there 
is absolutely no fossiliferous rock ill which you do not find tbe remains 
of marine animals. The lowest forms of life in the Silurian are ma- 
rine animals, and, if the view which is entertained by Principal Daw- 
son and Dr. Carpenter respecting the natur
 of the Eozoön be correct, 
if it is true that animal remains exist at a period as far antecedent to 
the deposit in the coal as tbe coal is from us, at the bottom of the 
series of stratified rocks in the Laurentian Rtrata, it follows plainly 
enough that the wbole series of stratified rocks, if they are to be 
brought into harmony with ::\IiItOll at. all, must be referred to the 
sixth day, and we cannot hope to find the slightest trace of the work 
of the other days in our stratified formations. 'Vhen one comes to 
consicler this, one sees how absolutely futile are the attempts t]1at 
have bpen made to run a parallel between the story .told by the strati- 
fied rocks as we know them and the account which l\lilton gives of 
it. The whole series of stratified rocks mu
t be referred to the last 
two l)eriods, and neither the Carboniferous nor any other formation 
can afford evidence of the work of the third day. Not only is there 
this objection to any attempt to run a parallel hetween the l\Iiltonic 
account and the actual facts, but there is a further difficulty. In the 
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3Iiltonic account the order in which animals should bave made their 
appearance in the stratified rock would be this: Fishes, including the 
great whales, and birds; after that, all varicties of terrestrial animals. 
Nothiucr could be furtljer from the facts as we fiud tbem. ..A::. a mat- 
o . 
tcr of fact we know of not the slightest evidence of the exibtence of 
bil'(]S before the J Ul'assic aud perhaps the Triassic formations. 
If there were allY parallel betwcen the ]Hiltonic account and t}w 
circumstantial evidence, we ought to have abundant evidence of the 
existence of birds "in the Dcvonian, the Silurian, and t}

 Carbonifer- 
ous rocks. I need hardly tell you that this is not the case, aud that 
not a trace of birds makes its aI}pearance until the far later period 
which I have mentioned. 
....And again, if it be true that all varieties of flslJes and the great 
whales, and the like, made their appearance on the fifth da)T, then we 
ought to find the remains of these things in the older rocks-in those 
which preceded the Carboniferous 'epoch. Fi
he8, it is true, we find, 
and numerous ones; but the great whales arc absent, and the fishes 
are not such as now live. Not one solitary spel'ies of fish now in ex- 
istencc is to be found there, and hence )70U are iutroduced again to 
the dilemma t.hat either the creatures which wcre created then, which 
came into existcnce the sixth day, werc not those which are found at 
present, are not the direct and immediate preùeces
ors of those which 
now exist; in which case you must either have had a fresh cr
ation 
of which nothing is said, or a process of evolution; or ehe the whole 
story must he given up, as not o1\ly deyoid of any circumstantial evi- 
dence, but contrary to that evidence. 
I placed hefore you in a. few \VordH, 
ome little time ago, a state- 
ment ûf the sum anù substance of ltlilton':) hypothesis. Let me try 
now to put lJefol'e you as hricfly the effect of the circumstantial evi- 
dence as to the past history of ,the earth w}jich is writtcn without the 
})ossibility of mistake, with no chance of error, in the stratified rocks. 
vVhat we find is, that that great series of formations represents a 
period of time of whicb our human chronologies hardly afford us a 
unit of Ineasure. I will not pretend to say how we ought to measure 
this time, in milJious or in billions of year
. Happily for my pur- 
pose, that is wholly unesseu.tiaI. But that the time was cnormous, 
there is no sort of question. 
It results from the simplest methods of interpretation, that all tbat 
is now dry land has once been at the bottom of the waters. Leaving 
out of view certain patches of metamorphosed rocks, certain volcanic 
products, it is perfectly certain that at a comparatively reccnt period 
. of the world's history-the Cretaceous epoch-none of the great phys- 
ical features which at present mark the surface of the globe existeù. 
It is certain that the Rocky :Mountains were not. It is certain that 
the Himalaya l\lountains were not. It is certain that the Alps ana 
the Pyrenees had. no existence. The evidence is of the plainest pos- 
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ible character
 and is simply this: 'Ye find raised up on the fial1ks of 
these mountains, elevated by the forces of up11eaval which have given 
rise to them, masses of cretaceous rock which formed the hottom of 
tbe sea before those mountains existed. It is therefore perfectly clear 
that the elementary forces which gave J"ise to the mountains operated 
subsequently to the Cretaceous epoch; that the mountains themselv('s 
are largely made up of the materials dq)osited in the sea which once 
occupied their place. 'Ye meet as we go back in time with con- 
stant alternations of sea and land, of estuary and open ocean, and in 
corresl)ondence with tbese alternations we meet with changes in tbe 
fauna and flora of the kind I have stated. 
But no inspection of these changes gives us the slightest right to 
believe that there has been any discontinuity in natural processes. 
There is no trace of cataclysm, of great sweeping deluges or universal 
àestructions of organic life. The appearances which were formerly 
interpreted that way have all been shown to be delusive as our knowl- 
edge has increased and as the blanks between the different formations 
have been filled up. It call now be shown that there is no absolute 
break between formation and formation, tbat then> has Leen no sud- 
den disappearance of all the forms of life at one time and replacement 
by another, but that everything has gone on slowly and gradually, 
that one form has died out and another has taken its place, and that 
thus by slow degrees one fauna has been rCl)laced by another. So 
that, within the whole of the immense period indicated by these strati- 
fied rocks, there is assuredly-leaving evolution out of the question 
altogether-not the slightest trace of any break in the uniformity of 
K ature's operations, not a shadow of indication that events have fol- 
lowed other tl1all their natural and orderly sequence. 
That, I say, is the most natural teaching of the circumstantial evi- 
dence contained in the stratified rock. I leave you to consider how 
far by any ingenuity of interpretation, by any 8tretching of the mean- 
ing of language, it can be brought into the smallest similarity with 
that view which I have put before you as the 
Iiltonic doctrine. 
There remains the third hypothesis-what I have spoken of as t11e 
hypothesis of eyolution; and I propose that in lectures to come we 
s"!1ould co:asidcr thnt as carefully as we h3,ve consiJered the other two 
hypotheses. I need not say that it is quite hopeless to look for testi- 
n10nial evidence of evoluti0l1. The very nature of the case precludes 
the possibility of such evidence. Our sole inquiry is, wbat foundation 
circumstantial evidence lends to that hypothesis, or whether it lends 
any, Ol
 whetber it controverts it; and I should deal with the matter 
entirely as a question of history. I shall not indulge in the dh;cnssion 
of any speculatiye probabilities. I shall not attempt to show that 
Nature is unintelligible unless we adopt some such hypothesis: for 
any tIling I know about it, it may be the way of Kature to be ul1in- 
telligible. She is often puzzling, and I have no reason to suppose sbe 
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is bound to fit herself to our notions; but I shall deal with the matter 
entirely from the point of view of history, ancl I shall place before 
you three kinds of evidence entirely based upon ,,,"hat we know of the 
forms of animal life which are contained in the series of stratified 
rock. I shall endeavor to show you that there is one kind of evidence 
which is neutral, which neither helps evolution nor is inconsistent 
with it. I shall then endeavor to show you that there is a second 
kind of evidence which indicates a strong probability in favor of evo- 
lution, but does not prove it; and, lastly, I shall endeavor to show 
that there is a third kind of evidence which, being as complete as 
any evidence which we can hope to obtain upon such a subject, and 
being wholly and entirely in favor of evolution, may be fairly called 
demonstrative evidence of its having occurred. 


... 


TIlE 1tIOON'S I
FLUENCE OX THE 'VEATIIER.l 


By PROFESSOR M. A. F. PRESTEL. 


A SUDDEN and considerable fall of the barometer is of frequent 
occurrence; but to find a case identical with that of N ovem- 
ber 22, 1873, I had to search Iny journals for many years back. It is 
worthy of note that, in 1854, an equally sudden and considerable fall 
of the barometer took place here on the coast of the North Sea on 
precisely the same days as in 1873. According to ob:;;erv:üions made 
at Emden, the barometric column on November 21, 1873, at 6 A. 
I., 
was 762.3 millimetres, and it then fell steadily till 2 P. M. on the 
22d, when it reached the minimum, 732.5 millimetres, and thell it again 
began to rise. At 6 A. l\I. of November 21, 1854, the barometer 
stood 760.7 millimetres, and the mercurial column then steadily fell 
until 6 A. :\f., November 23d, when it was 734.7 millimetres; it then 
began to rise. The point to which I would call special attention is 
that, on the occasion of both of these great falls of the barometer, the 
position of the moon with respect to the earth was predsely the 
same. There was new moon at 3 A. l\I. of N ovenlber 20, 1873, 
and at 8 A. l\I. of November 20, 1854; in 1873 the moon entered 
the southern lunistice at 3 A. M. on November 23d, and in 1854 at 
6 A. M. of November 23<1; in both years the moon's declination on 
November 23d was 27 0 south. 
Still, the occurrence of storms and barometric minima oyer N orth- 
western Europe on November 22, 1873 and 1854, at the period of the 
lunistitia and of the new moon mio-ht be merel y accidcntal. b ut that 
, ð , 
it was not accidpntal is shown by sundry mutually corresponding 
phenomena in the atmosphere, which were ohserved during these two 
1 Translated from the German by J. Fitzgeralù, A. M. 
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years. During the month of October, 1873, the average height of 
the barometric column was 757.1 millimetres, and for the f'ame month 
in 1854 it was 757.2 millimetres; the barometric mean for the five 
days between the 22d and the 28th was, in 1873, 750.7 millimetres, and 
in 1854,748.7 millimetres; the minimum was reached, in 1873, on Oc- 
tober 23d, and in 1854 on October 25th, being in the former case 734.9 
Inillimetres, and in the latter 734.5 millimetres. In 1873 the maxi- 
mum was reached in the evening of October 28th-773.7 millimetres, 
and in 1854 at noon of the 28th-774.9 millimetreR. The weather 
was also the same in both years from the sd to the 7th, and from the 
21st to the 27th of Octol)er. From the 5th to the 7th there were fre- 
quent and l}eavy falls of rain; on the 7th, in 1873, and on the 5th, in 
1854, there were violent thunder-storms. On both years from the 
21st to the 25th the atmosphere was in a state of violent disturbance, 
tne barometric column being very low. And here we may state that 
there was new moon at 11 Å. )1. on Octoùer 21, 1873, and at 9 P. M. 
on October 21, 1854; that in 1873 the southern lunistice occurred at 
10 P. ]\f. of the 26th, and in 1854 at 9 P. M. of the 26tl}; and that 
the moon's declination at the time was about 27 0 south. 
Further, from the 13th to the 16th of November, 1873, the distri- 
bution of atmospheric lwessure over Europe and the state of the 
weather were similar to what they were on the same days in 1854. 
The fearful ray ages wrought by tIle storms in tIle Black Sea on the 
days betwe
n the 13th and the 16th of November, 1854 (the C'rimean 
'Var being then in progress), will render thoEe days ever mt'morable. 
The numerous shipwrecks in the sea of Azof, and the loss of English 
and French war-ships in tIle Black Sea on the 13th and 14th, showed 
how desiral}le and necessary a thing it was that there should bf' found 
some means of warning seafarers of the approach of storms. It was 
these disasters whieh gave occasion to the establishment of storm- 
signals. From the 13th to the 15th of November, 1873, after a period 
of calm, with high barometer oyer the greater part of K orthwestern 
Europe, we find succeeding a similar barometric minimum, and a 
storm area advancing across the l\Iediterranean toward the Black 
Sea. 
At any given point of the earth's surface tI}e state of the weatI)er 
alwa'ys depends on the prevailing air-currents. The 
mnual and the 
secular periodic changes of the oceanic and the atmo
pheric CUlTents 
are repeated in the weather-changes. And on the phenomena which, 
however imperfectly, establish this periodicity, is based the universal 
belief tIlat the moon has an influence on the weather. The researches 
and calculations which have been made by meteorol.ogists to deter- 
mine the periodicity of weather phenomena, and the influence of the 
moon upon the latter, have hitherto l)een fruitless, and this simply 
because the ohservations of single stations only have been taken into 
account. From observations made at one point it is iIllpo
sihle to 
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obtain decisive results as to secular l)eriodic weather-changes, even 
though these observations were to be carried on for a hundred years 
or more. The terrestrial atmospheric currents, in their passage over 
the same portion of the earth's surface (whether this "})assage be })eri- 
odic or not periodic), never take the same route, or have the same 
limits, and consequently the localities over which they pass on their 
return will happen to be at one time in the centre of the current, at 
another time more or less near to its northern or its southern edge. 
Under these circumstances the state of barometer' and of ther- 
mometer, the aIllount of precipitation, the force of the wind, etc., upon 
which these researches are based, mu
t yield conflicting results. Some, 
however, have supposed that better results might Le obtained by 
combining these quantities, and taking the mean of all the readings" 
This method quite does aW3Y with anomalies, it is true, hut then tbe 
result has no specific value ,vllatever, though the aim of all such re- 
- searches must always be to determine the weather specifically. The 
periodicity of \\'eatLer phenomena can only be determined by means 
of investigations carried on according to the geographical method, i. e., 
by studying these atmospheric phenomena in their continuity both as 
regards time and space. 
As has been already said, the track of the storm of X ovember 
17th-23d layover nearly the same regions of the northern hemisphere 
in 1873 an(l 1854. Had these air-currents taken a course only a few 
degrees more to the north or to the south, their existence and their 
identity would have Leen so ill determined by the barometer of a 
single locality that they might easily have been overlooked. 
On the 28th of N ovemher, 1873, at 10 P. :\I., the b:Horneter at 
Emden stood at 756.4 millimetres, and then kept on f
IJing till tbe 
30th, at 8 A. J1., when it was 744.2 millimetres; after thi::; it rose till 
at 10 P. JU. it was 762.6 millimetres. This not very considerable fall of 
the barometer would not have deserved special notice, were it not fol- 
lowed on the eyening of the 29th by a storIll of some violence, which 
through the night became a hurricane. In 1854, at the same period of 
the year, the barometer underwent a similar change, only much greater. 
On N ovemher 27th, at 10 P. 
I., the height of the barometric column 
was 757 millimetres. It then fell, till on the 29th, at 2 P. :M., it was 727.8 
millimetres, when it began rising till it reached 757.9 millimetres at 
8 A. Y., on the 30th. The quantitati,re difference of barometric press
 
ure at Emclen on K ovember 27th and 28th, between the years 1873 
and 1854, is simply the result of the difference in the tracks of the 
storm
, and the consequent distance of the place of observation from 
the storm-centre. At Thorshavn, between November 25th and 28th, 
in 1873, the barometric changes were precisely tl)e same as had been 
observed at Emden on the same days in 1854. In 1873, at 9 P. M. of 
the 25th, the mercurial column at Thorshavn was 757.3 millimetres; 
on the 26th, at 8 A. M., it was 746.9 millimetres; on the 26th at 9 P. M.) 
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729.2 millimetres; on the 27th, at 8 A. M., 729.8 millimctres; on tIle 
28th, at 8 A. M., '74- 7.3 millimetres. 
With the moon in a like })osition with respect to the earth, there 
occurred, December 15-18, 1873 and 1854, just as on the 21st and 22d 
of November, a sutldcn anù great fall of the barometer, accompnnicd 
by a fearful foitorm. In 1873, on the eyening of th(' 13th, nnd ill 1854, 
on the morning of the 14th, the moon was in the descending node. 
The moon's declination ill 1873, at 3 P. M. of the 15t}J, ::md in 1854 at 
7 À.. M. of the 16th, was 12 0 south. At Emden, in 1873, the barometer 
fell on the 15th and 16th, from 768 to 745 millimetres, or 23 millime- 
tre::,. At Skudesnäs the fall on t!Je 15th and 1 (jth December nmounteil 
to 25 millimetres; at Stocklwlm, on the 16th, to 20 millimetres; at 
St. Petersburg, from the 15th to the 17th, to 30 millirnetres. The 
track of the centre of this storm entirely agrees with that of the storm 
of N ovemùer 14th-22d. At 1 A. M. of Decem ber 14th, we find at \Yash- 
ington, North Carolina, a barometric minimum of 744.2 millimetres, 
and by 7h. 35m. this h:ld advanced as faro as IIalifax. II ere, at t}]e 
time si1ecified, the barometer had fallen to 735 millimetres. On the 
14th, at 4 h . 35 m ., the barometric minimum bad passed in a northeast 
direction oycr Newfoundland, crossing the Atlantic Oce::m. At 
Thorshavn, where, on the 14th, at 8 A. M., the barometer had stood 
at 757.4 millinwtres, it had on the morning of the 16th fallen to 731.9. 
At Aberdeen, the b:lrometer on t}Je morning of tIle 16t}J stood at 735 
millimetres. 
In 1854, on the morning of December 17th, tIle barometer at Em- 
. den showed 752.2 millimetres; it then fell till noon on tbe 18tJ], when 
it was 731.1 millimetres, and then began to rise aga.in. At the be- 
ginning of the fall of the barometer, a storm from the southwe:st set 
in, which increased in force till it bec3me a lmrricane. The rain 'which 
fell during tbe storln amounted to 18.9 millimetrcs. 
At Cologne, at 3 h . 41 m ., December 18, 1854, the barometer showed 
'l2û.û millimetres-a barometric minimum never l)(
fore observed there 
since 1830. 
In 1854 the track of the storm-centre traversed N ortllel.n Fr
mce 
and Gcrmany: thuH, as on November 22d, it was more soutl]t
rly than 
in 1873. 
Such concordant atmospheric })henomena as these, when the moon 
occupies the same position relating to t}1e eart}l, might be quoted at 
great length. The 'moon, as it governs ebb andflou, so too deter'J'lzines 
oceanic currents, and, by 'means of tlwse, atmospheric cu'}.rents. From 
this it follows that the Ì1]fluen('e of tlJe moon upon tllat portion of the 
atmosphere which overlies tbe continents must be less tban that upon 
the supra-oceanic atmosl)here.- Gaea. 
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DIFFICULTIES OF DEVELOPlIE:NT .AS APPLIED 'TO 

IAN .1 


By ALFRED RVSSEL WALLACE, F. R. S. 


A s my own knowledge of and interest in anthropology are con- 
fined to the great outlines, rather than to the special details 
of the science, I propose to give a very brief and general sketch of the 
modern doctrine as to the Antiquity and Origin of l\Ian, and to sug- 
gest certain l)oints of difficulty which have not, I think, yet received 
sufficient attention. 
l\Iany now present remember the time (for it is little more than 
twenty years ago) when the antiquity of man, as now understood, was 
universally discredited. Not only theologians, but even gfologist!3, 
then taught us that man belonged altogether to the existing state of 
things; that the extinct animals of the Tertiary period had finally dis- 
appeared, and that the earth's surface had assumed its present con- 
dition, before the human race first came into existence. So prepos- 
sessed were even scientific Inen with this idea-which yet rested on 
}Hlrely negati\re evidence, and could not be supported by any argu- 
ments of scientific value-that numerous facts which had l)een pre- 
sented at intel.vals for half a century, all tending to prove the exist- 
ence of man at very remote epochs, were silently ignored; and, more 
than this, the detailed statements of three distinct and careful observ- 
ers were rejecte
l hy a great scientific society as too improbahle for 
publication, only because they proved (if they were true) the coexist- 
ence of man with extinct animals ! 
 
But this state of belief in opposition to facts could not long con- 
tinue. In 1859 a few of our most eminent geologists examined for 
themselves into the alleged occurrence of flint implements in t'le 
gravels of the north of France, which had been made public fourteen 
years before, and found thell1 strictly correct. The caverns of Devoll- 
shire were ahout the same time carefully examined by equally eminent 
observers, anll were found fully to bear out the statements of those 
who had published their results eighteen years before. Flint imple- 
ments began to be found in all suitable localities in the south of Eng- 
bnd, when carefully searched for, often in gravels of equal antiquity 
with those of France. Caverns, giving evidence of human occupation 


1 From the opening address of Mr. 'ValIace, as President of the Biological Section of 
the British Association for the Advancement of Science, given at its recent meeting in 
Glasgow. 

 In 1854 (?) a communication from the Torquay Natural History Society, confirming 
previous accounts by }fr. Godwin-Austen, :Mr. "\71vian, and tIle Rev. Mr. 1IcEnery, that 
worked flints occurred in Kent's Hole, with remains of extinct 8pecies, \\ as rejected as 
too improbable for publication. 
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at various remote periods, were ex},lore<l in Belgium aud the soutb 
of France-lake-dwellings were examined in Switzerland-refuse- 
hcaps in Dennlark-and 11ms a whole series of remains have ùeen dis- . 
covered, carrying back the history of mankinù from the earliest Lis- 
toric periods to a 10ng-<.1istant past. 
'he antiquity of the races thus 
discovered can only be generally determined hy the succebsiye)y ear- 
lier and earlier stages through which we can trace tbcm. As we go 
bark, metals soon disa})})ear, and we find only tools and weal)ons of 
stone and of bone. The stone weapons get louder and ruder; pottery, 
and tLen the bone implements, cease to occur; and in tIle earliest 
stage we find only chipped flints, of rudè design, though still of un- 
mistakably human workmanship. In like manner domestic animals 
disappear as we go backward; and, thougL the dog seems to bave 
been the earliest, it is doubtful wbethel' the makers of the nlder flint 
implements of the gravels possessed even this. Still more important 
as a measure of time are the changes of tIle earth's surface-of the 
distribution of animals-and of climate-which have occurred during 
the human period. At a comparatively reC('11t epoch in the record of 
prehistoric times, we find that the Baltic was far salter than it is now, 
and l)roduced abundance of oj
sterb; and that Dcnmark was covered 
with }Jilic-forests inhabited by capercailzies, such fiS now only occur 
farther north in K orway. A little earlier we find that reindeer were 
common even in the south of France, and still earlier this animal "Was 
accompanied by the mammoth and woo1]y l'hinoceros, by tbe arctic 
glutton, and by huge bears and lions of extinct species. The presence 
of such animals implies a change of climate, aud both in the caves 
and gravels we finJ proofs of a much colder climate than now IH'evails 
in 'Yestern Europe. Still more remarkable are the changes of the 
earth's surface which have been effected during man's occu})ation of 
it. 1\Iany extensive valleys in England and France are believed by 
the best observers to ha, e been deepened at least a hundred feet; 
caverns now far out of the reach of 
my stream must for a long suc- 
cession of years have had streams flowing throug'h them, at least in 
times of floods-and this often implies that yast masses of solid rock 
have siuce been worn away. In Sardinia land has risul at least three 
11un(1red feet since nleD lived there who made pottery and probably 
used fishing-nets; 1 while in !(ellt's Cavern remains of man 
.e found 
Inuied beneath two separate beds of stalagmite, each baving a distinct 
texture, and each covering a deposit of cave-earth llaving well-marked 
differential characters, while each contains a distinct assemblage of 
extinct animals. 
Such, briefly, are the results of the evidence that bas beC'I1 rapidly 
accumulating for about fifteen yearR as to the antiquity of man; and 
it has been confirmed by so lnany discoveries of a like }latnre in all 
parts of the globe, and especially by the cOID}Jarison of the tools and 
I Lyell's U Antiquity of Man," fourth edition, p. 115. 
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weapons of prehistoric man with those of modern savages, so that the 
use of even the rudest flint implements has become quite intelligible, 
that we can hardly wonder at the vast revolution effected in public 
opinion. Not only is the belief in man's vast and still unknown an- 
tiquity universal among men of science, but it is hardly disputed by 
any well-informed theologian; and the present generation of science- 
students must, we should think, be somewhat puzzled to understand 
what there 'was in the earliest discoveries that should have aroused 
such general cpposition and been met with such universal incredulity. 
But the question of the mere" ..Antiquity of 
lan " almost sank 
into insignificance at a very early period of the inquiry, in compari- 
son with the far more momentous and more exciting problem of the 
development of man frOln some lower animal form, which the the- 
ories of :1\11'. Darwin and of :1\lr. Herbert Spencer soon showed to be 
inseparably bound up with it. This has been, and to some extent 
still is, the subject of fierce conflict; but the coutroversy as to the 
fact of such development is now almost at an end, since onc of the 
most talented representatives of Catholic tlleology, and an anatomi
t 
of high standing-Prof. :1\livart-fully adopts it as regards physical 
structure, reserving his opposition for those })arts of the theory which 
woulll deduce man's whole intellectual and moral nature tí'om the 
same source, and hy a similar mode of development. 
Never, perhaps, in the whole history of science or philosophy has 
80 great a revolution in thought and opinion been effected as in the 
twelve years from 1859 to 1871, the respective dates of puhlication of 
1\lr. Darwin's" Origin of Species" and" Descent of :\Ian." "Gp to the 
commencement of this period the belief in the independent crt'ation or 
origin of the species of animals and plants, and the belief in tile very 
recent appearance of man upon the earth, were, practically, uBi \"ersal. 
Long before tbe end of it these two beliefs had utterly disappeared, not 
only in thc scientific world, but almost equally so among the literary and 
educated classes generally. The belief in the independent origin of 
man held its ground somewhat longer, but the publication of 
lr. 
Darwin's great work gave even that its death-blow, for hardly any 
one capable of judging of the evidence now doubts the derivative na- 
ture of man's bodily structure as a whole, although many believe that 
his Inind and even some of his physical characteristics may be due 
to the action of other forces than have acted in the case of the lower 
animals. 
We need llarclly be surprised, under these circumstance!'1, if there 
has been a tendency among men of science to pass from one extreme 
to the other, from a profession (so few years ago) of total ignorance 
as to the mode of origin of all living things, to a claim to almost 
complete knowledge of the whole progress of tbe universe from the 
first speck of lidng protoplasm up to the highest development of the 
human intellect. Yet this is really w}lat we lu
,ve seen in the last six- 
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teen years. Formerly difficulties were exaggerated, and it was as- 
serted that we had not sufficient knowledge to venture on any gener- 
alizations on the subject. N ow difficulties are Ret aside, and it is held 
that our theories are so well established and so far-reaching, that they 
explain and comprehend all Nature. It is not long ago (as I have 
already reminded you) since facts were contemptuously ignored, be- 
cause they favored our now popular views; at tIJe })resent day it 
seems to me that facts which oppose them hardly receive due consid- 
eration. And, as opposition is the best incentive to progress, and it is 
not well even for the best theories to have it all their own way, I 
propose to direct your attention to a few such facts, and to the cOlJclu- 
sions that seem fairly deducible from them. 
It is a curious circumstance that, notwithstanding the attention 
that has been directed to the subject in eyery part of the world, 
and the numerous excayations connected with railways and mines 
which llave offered such facilities for geological discovery, no ad- 
vance whatever has bpen made for a considerable numler of yenrs, 
in detecting the time or the mode of man's origin. The Palæolithic 
flint weapons first discovered in the north of France more than 
thirty years ago are still the oldest undisputed proofs of man's exist- 
ence; and, amid the countless relics of a former world that lJave been 
brought to light, no evidence of anyone of tIle links that must have 
connected man with the lower animals has yet appeared. 
It is, indeed, well known that negative evidence in geology is of 
yery slender value, and this is, no doubt, generally the case. The 
circumstances here are, however, peculiar; for nlany converging Jines 
of evic1ence show that, on the theory of development by the S:1m
 laws 
which have determined the development of the lower animals, man 
must be immen!;ely older than any traces of him yet discovered. As 
this is a point of great interest, we must devote a few lllOments to its 
consideration: 
1. The most inlportant difference between man and sHch of the 
lower animals as most nearly approach biIn is undoubtedly in the 
bulk and development of his brain, as indicated by the forIll and ca- 
pacity of the cranium. We should therefore anticipate tllat theEe 
earliest races, who were contemporary with the extinct animals and 
used rude stone weapons, would show a marked deficiency in tItis 
respect. Yet the oldest known crania-those of the Engis and Cro- 
l\Iagnon caves-show no marks of degradation. The former does Hot 
present so low a type as that of most existing savages, but is-to use 
the \\ords of Prof. Huxley-" a fair avernge human skull, which might 
have belonged to a philosopher, or might have contained the thought- 
less brains of a savage." The latter are still more remarkable, being 
unusually lnl'ge and well formed. Dr. Pruner-Bey states that they 
surpass the average of modern European skulls in capacity, while 
their symmetrical forms, without any trace of prognathism, compare 
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favorably not only with the foremost savage races, but with nlany 
ci vilized nations of modern times. 
One or two other crania of much lower type, but of less antiquity 
than this, have been discovered; but tIley in no way invalidate the 
conclusion which so highly developed a form at so early a period im 
})lies, viz., that we have as yet made a hardly l)erceptible step tow- 
ard the discovery of any earlier stage in the development of man. 
2. This conclusion is supported and enforced by the nature of 
many of the works of art found even in the oldest cave-dwellings. 
The flints are of the old chipped type, but they are formed into a large 
variety of tools and wea!)ons-such as scrapers, awls, hamlners, saws, 
lances, etc.-implying a variety of purposes for which these were used, 
and a corresponding degree of mental activity and civilization. N u- 
IDerous articles of bone have also been found, including well-formed 
needles, implying that skins were sewn togetber, and perha})s even 
textile materials woven into cloth. Still more Ílnportant are the nu- 
merous carvings and drawings representing a variety of animals, in- 
cluding horses, reindeer, and even a malnmoth, executed with con- 
siderable skill on bone, reindeer horns, and mammoth-tusks. These, 
taken together, indicate a state of civilization much higher tl13n. tlJ:1t 
of the lowest of our modern savages, while it is quite compatible with 
a considerable degree of mental advancement, and leads us to believe 
that the crania. of Engis and Cro-ltlagnon are not exceptional, but 
f3.irly represent the characters of the race. If we further remember 
that these people lived in Europe under the unfavorable conditions of 
a sub-arctic climate, we shall be' inclined to agree with Dr. Daniel 
'Vilson, that it is far easier to produce evidences of deterioration than 
of }H'ogress in instituting a comparison Let ween the contemporaries 
of the mammoth and later prehistoric races of Europe or savage na- 
tions of modern times. 1 
3. Yet another important line of evidence as to the extreme an- 
tiquity of the human type has been brought prominently forward by 
Prof. l\Iivart.!l lIe shows, by careful comparison of all parts of the 
structure of the body, that man is related, not to anyone, lmt almost 
equally to many of the existing apes-to the orang, the chimpanzee, 
the gorilla., and even to the gibbons-in a variety of ways; and these 
relations and differences are so numerous and so di,.erse that on the 
theory of evolution the ancestral form which ultimately developed 
into man must have diverged from the common stock whence all 
these various forms and their extinct allies originated. But so far 
back as the l\Iiocene deposits of Europe, we find the remains of 
a.pes allied to these various forms, and especially to tIle gibbons, 
so that in all probability the special line of variation which led up to 
man branched off at a still earlier period. And these early forms, 
being the initiation of a far higher type, and having to develop by 
I "Prehistoric 
Ian," third edition, vol. i., p. 117. !II "Man and Apes," pp. 171-193. 
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natural 
eleetion into 
u f'})ccialized and altogether di
tillct a creatnI'(' 
as man, must Ita ve ri
ell at a \"('ry early }wriod into the positioll of a 
dominant race, and f'l'read ill JenlSc wayes of population oycr an suit- 
::tule portion
 of the great contincllt-for tlJÌð, on 1\lr. Ðarwin'/î hy- 
pothclSi
, is es
(-'ntial to rapitl devl'lo}Hneutal progress t}Il'ongh t}J(' 
::tgeuey of mttllral sC'lC'ctiol1. 
Under these circumstances we might certainly eX}Ject to find EOUIC 
reliclS of thesc earlier forms of man alol1g "ith those of animals which 
were presumahly less abundant. Negative evidence of this kind is 
nut very weighty, but still it has sorne value. It has been suggesteil 
that as apes are mostly tro},ical, and anthropoid apC's are now confined 

l,lmost exclusively to the vicinity of the equator, we should ex},ect the 
aucestral forms also to have inhabited the:se lS:.lllle localities- 'Y Ct5t 
Africa and the .Malay Islallùs. But this oùjection ilS hardly valid, 
because existing authropoid apcs are wholly dcpendent on a perennial 
supply of easily-accessible frnits, which is only found Ileal' the equator, 
while not only had the south of Europe an almost tropical ülimate in 
:l\Iiocenc time IS, but we must suppose even t}w earliest ancestors of 
man to have been terrestrial and omnivorous, since it must lul\.e talt'JI 
ages of slow nlodification to have produced the perfectly erect form, 
tlw short arms, aud the wholly non-IH'ehen
i}e foot, wbich :-;0 strongly 
differeLtiate man from the apes. 
'The conclusion which 1 tbiuk we mu
t 3lTÏ\"e at i
, that if lllall 
has been developed frOl11 a common ancestor with all exi
ting ape
, 
and by no ollie')' ugellcies lltan such as have affected tlteÙ- dt:.celop"H nt, 
then he must ha \'e existed in something approaching hilS }H"cscut form, 
during the Tertiary ppriod-and not merely existed, but ])redomiuated 
in numhers, wherever suitable conditions prevailed. If, then, cou- 
tinued researches in 
lll parts of Europe and Asia fail to bring to ligllt 
any proofs of his presence, it will l)e at least a presumption that he 
came into existencc at a much later date, 
md by a much more ra})id 
},rocess of develo1'1l1ellt. In that case it will be a fair argumeut that, 
jn
1 as he is in his menta} and moral uature, his capacitief' alld a
pira. 
tions, so infinitely raiscd aboye the brutes, so his origiu is due to 
di::-tinct and higher agencies than such as ha \"e affected their develop- 
men t. 
There is yet another line of inquiry bearing upon this subject to 
which I wi
h to call your attention. It is a somewhat curious fact 
that, while all modern writers admit the great antiquitJr of mall, most 
of them nwilltain the very recent deyelopmeut of his iJJteJIeet, and 
will hardly contemplrrte the pOf:
ibility of men, equal in ment
l ca- 
pacity to ourselves, lutving existcd in })rehistoric time
. This ques- 
tion is generally a::5sumcd to be settled hy such relicR as have heell 
préserved of the manufactures of the older races, showing a lower and 
lower f'tatc of the arts by the successive disappearance ill carJy times 
()f iron, bronze, and. pottery; and by the rn<1cr forms of the oldpr fliJlt 
VOl., x.-5 
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implements. The weakn{>ss of this argumcnt has been well shown Ly 
3Ir. Albert 
Iott in his very original but little known presidential 
address to thc Literary and Philosophical Society of Liverpool in 
1873. He maintains that" our most distant glimpses of the past are 
Rtill of a world peopled as now with men both civilized and savage; " 
and" that we have often entirely misread the past by supposing that 
the outward signs of civilization must always be tbe same, and must 
be such as are found among our:selves." In support of this view he 
adduces a variety of striking facts and ingenious argument s, a few of 
which I will briefly summarize. 
On one of the most remote islands of the Pacific-Easter Island- 
2,000 miles from South America, 2,000 from the l\Iarquesa8, aud more 
than 1,000 fronl the Gambier Islands, are found hundreds of gigantic 
stone images, now mostly in ruins, often thirty or forty feet high, 
while some se{'m to have been much larger, the crowns on their heads 
cut out of a red stone, being sometimes ten feet in diameter, while 
even the head and neck of one are said to have been twenty feet high. 1 
These once stood erect on extensive stone platforms, yet the island 
has only an area of a-bout thirty square mileR, or considerably less than 
Jersey. N ow, as one of the smallest images eight feet high weighs 
four tons, the largest must weigh over a hundred tons if not much more; 
and the existence of such vast works implies a large population, 
abundance of food, and an established government. Yet how could 
these coexist in a mere speck of land wholly cut off frOlll the re:st of 
the world? )11'. 3Iott maintains that this necessarily implies the 
power of regular communication with largcr islands or a continent, 
the arts of navigation, and a civilization much higher than now cxists 
in any part of the Pacific. '
ery similar remains in other isbllds 
scattered widely over the Pacific add weight to this argument. 
The next example is that of the ancient mOlUHls and earthworks 
of the North American Continent, tIle bearing of which is even more 
significant. Over tlle greater part of the extensive l\li8sissipgi Val- 
ley four well-marked classes of these earthworks occur. Some are 
camps, or works of defense, situated on bluffs, promontories, or iso- 
lated hills; others are vast inclosures in the plains and lowlands, 
often of geometric form
, and baving attached to them roadways or 
avenues often miles in length; a third are mounds corresponding to 
our tumuli, often seventy to ninety feet high, and some .of them cov- 
ering acres of ground; while a fourth group consist of representations 
of yarious animals modeled in relief on a gigantic I"cale, ana occur- 
ring chicfly in an area somewhat to the northwest of the other classes, 
in the plains of 'Visconsin. 
The first class-the camps or fortified inclosures-resemble in gen- 
eral features the ancient camps of our own islands, but far surpass 
them in extent. Fort lIill, in Ohio, is surrounded hya wall and ditch 
1 Journal of the Royal Geographical Society, 18'70, pr- ]7'7, 1'78. 
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a mile and a half in length, part of the way cut through solid rock. 
Artificial reservoirs for water WEre made within it, while at one ex- 
tremity, on a more elevated point, a keep is constructeù with its sep- 
arate defenses and water-reservoirs. Another, called Clark's" ork, 
in the Scioto Valley, which se('IDS to have been a fortified town, in- 
closes an area of one hundred and twenty-seven acres, the embank- 
ments meaf'urÎng .three miles in length, and containing not less tllan 
three million cubic feet of em.tb. This area incloses numerous sacri- 
ficial mounds and symmetrical earthworks in which many interesting 
relics and works of art have been found. 
The second class-the sacred inclosures-may be compared for ex 
tent and arrangement with Avebury or Carnak-but are in some 
respects even more l'emarkable. One of these, at Newark, Ohio, cov- 
ers an area of several miles with its connected groups of circles, octa- 
gons, squares, ellipses, and a"Vennes, on a g}.and scale, 
md formed by 
embankments from twenty to thirty feet in height. Other similar 
works occur in di:ff
rent parts of OIJio, and by aecurate survey it is 
found not only that the circles are true, though some of them are 
one-third of a mile in diameter, but t))at ot her figures are truly square, 
each side being over one thousand feet long, and, what is still more 
important, the dimensions of some of these geometrical figures in dif- 
ferent l)arts of the country, anù seventy miles apart, are identical. 
N ow, this pro"Ves the use, by the builders of these works, of some 
standard measures of length, while the accuracy of the squares, cir- 
cles, and, in a less degree, of the octagonal figures, shows a consid- 
erable knowledge of rudimentary geometry, and some means of meas- 
uring angles. The difficulty of drawing such figures on a large scale 
is much greater than anyone would imagine who has not tried it, and 
the accuracy of these is far beyond what is necessary to satisfy the 
eye. 'Ve must therefore impute to these people the wish to make 
these figures as accurate as possible, and this wish is a greater proof 
of habitual skill and intellectual advancement than even the ability 
to ùraw such figures. If, then, we take into account this ability and 
this love of geometric truth, and further consider the dense llOpulation 
and civil organization implied by the 
onstruction of such extensive 
systematic ,vorks, we must allow that tbese people had reached the 
earlier stages of a civilization of which no traces exifitEd among the 
sa"Vage tribes who alone occupied the country when first "Visited by 
Europeans. 
The animal mounds are of comparatively less importance for our 
present l)urpose, as they imply a somewhat lower grade of advance- 
ment; but the f:epulchral and sacrificial mounds exist in vast num- 
bers, and tlleir partial exploration has yielded a quantity of articles 
and works of art which throw some further light on the peculiarities 
of this mysterious people. 
Iost of tbese mounds contain a large 
concave hearth or basin of burnt ('lay, of perfectly symmetrical 
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form, on whil'h are found deposited more or le:i
 abunùant relics, all 
Learing traces of the action of fire. 'Ye an', then-fore, only ac- 
quainte<l with such article::, :l:s are practically fire-ill"oof. These C011- 
sist of bone and. copper implements ::mù orIIamentb, di:::;kH, and tubes- 
pearl, shell, ancl silver Lead:-;, more or less injured by the fire-ornaments 
cut in mica, ornamental pottery, and numbers of elaborate carviugs 
in stone. mostly forming l)il>CS for smoking. The nletallic articles are 
all formed by hammering, but the cxccuti0n i:-: very good; l)late
 of 
n1Ïca are founJ cut into scrolls and circles; the IJottPry, of which véry 
few remains have been found, is far :-;ui)erior to that of any of the In- 
dian tribes, since Dr. 'Yilsoll i
 of opinion that they Inust have been 
formed on a wheel, as they are often of unitorm thickness throughout 
(sometimes not morc than one-sixth of all inch), polished ana orna- 
mented with scroUs and figures of 1,irds and flower:::; in delicate relict 
But the most instructi\.e objects are the sculptured stone pipes, repre- 
senting not only various easily-recoguizable animals, but also human 
heads, so well executed that they appear to be l)ortr::tÏts. .Among the 
animals, not only are such native forms as the panther, bear, otter, 
wolf, beaver, raccoou, Jjel.on, crow, turtle, frog, rattlesnake, and many 
others, well represented, but also the manatee, which perhaps then 
ascended tbe l\Essissippi as it now does the Amazon, and the toucan, 
which could hardly h:1xe ùeen obtained Hearer than l\1exico. Thf' 
sculptured head
 are especially remarkable, hecausl' they present to 
us the features of an intellectual and civilized people. The nose in 
some is perfectly straight, and neither prominent nor dilated, tlw 
mouth is small, and the lips thin, the chin and upper lip arc short, 
contrasting with the punderous jaw of tbe moùern Indian, while tbe 
cheek-bones ])resent no marked prominence. Other examples }wve 
the nose somewhat projecting at the apex in a numuer quite unlike 
the features of any Americall illdige
es, and, although there are some 
which 
how a much coarser face, it is very difficult to see in any of 
tbem that close resemblance to the IlHlian type which the
e sculptures 
have been said to exhibit. The few authentic crania from tJle mound
 
present corresponding features, being far lllore symmetrical and het- 
tel' developed in the frontal region than those of any American tribes, 
although somewhat resembling them in the occipital ontline; 1 while 
one ,vas described by its disco\-erer (1\11'. ,Yo l\IarshaH Anderson) as 
" a beautiful skull worthy of a Greek." 
The antiquity of this remarkable race may ])crhaps not be very 
great, as compared with the prehistoric Illun of Europe, although tIll' 
opinions of some writprs on the subject seem affccted by that" par- 
simon)
 of time" on which the late Sir Cbarles Lyell so often dilated. 
The mounòs are all overgrown with dense forest, and one of the large 
trees was estimated to be 800 years old, while otlJCl' ohsen.ers con- 
sider the forest-growth to indicate an age of at least 1,000 years. But 
1 Wilson's" Prehistoric :Man," third edition, vol. ii., pp. 123-130. 
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it is weB known that it requiref' several generations of trees to pass 
away before the growth on a deserted clearing comes to corresponù 
with that of the :::UIT011lH.1ing virgin forest, while this forest, once estab- 
lished, may go on growing for an unknown number of thousands of 
years. The 800 or 1,000 years estimate from the growth of existing 
vegetation is a minimum whieh has no hearing whatever on the actual 
age of these mounùs, and we n1Ïght almost as well attempt to deter- 
mine the time of the glacial epoch from the age of tll(' pines or oaks 
which now grow 011 the moraines. 
The important thing for Üs, however, is, that when X orth America 
was first settled by Europeans, the Indian tribes iu}mùiting it had no 
knowledge or tradition of any preceding race of hig}wr civilization 
than themselves. Yet we find that snch a race existed; that they 
mnst have been populous, and have liveù under some established gov- 
ernment; while tLere are signs that they practiseù agriculture largely, 
as indeed they must have done to have supported a population capable 
of executing such gigantic works in such vast profusion-for it is 

tated that the mounds ana earthworks of various kinds in the State 
of Ohio alone amount to between eleven and twelve thousand. In 
their habits, customs, religion, and arts, they differed sh'ikingly from 
all the Indian trihes; while their love of art and geometric form'3 and 
their capa('ity for executing the latter npon so gigantic a scale rendêr 
it probable that they were a really civilizeù people, although the form 
t heir civilization took may have been very f1ifièrent from that of later 
people sul)ject to very different influences, and the inheritors of a 
longer series of ancestral civilizationf'. 'Ye have here, at all events, 
a striking example of the transition, over an extensive country, from 
comparative civilization to comparative barbarism, the former }}aving 
left no tradition, and harùly any trace of influence on the latter. 
....<\.s JUre 
Iott well renmrks: " Nothing can be more striking than 
the fact that Easter Island and X orth America both give the same 
testimony as to the origin of the savage life found in them, although 
in all circumstances and surrounùings the two ca
es are so different. 
If no stone monuments h:Hl been constructed in Easter Island, or 
mOUllds, containing a few re1ics saved from fire, in the United States, 
we might never }Jave suspected the pxi
tence of these :mcient peo- 
pIps." lIe m
gues, then
fore, that it is "ery easy for tbe records of an 
:tncient nation's life entin.ly to peri
h, or to be hi(hkn from où:::;erva- 
tion. Even the arts of Xineveh ana Bahylon were unknown only a 
O'eneration aO"O and we have onl y J .ust discovered the facts about the 
:-, 
, 
mOUllll-bnilclers of North America. 
But other })artR of the American Continent exhibit pal.aIlel phe- 
non1ena. Recent investigations show that in l\Iexico, Ceutral Amer- 
ica, and Peru, the existing race of Indians has been preceded by a 
distinct aIHl more civilizea race. This i:o:. provecl by the scnlptm"es of 
the ruined cities of Central 
\merica, by the more ancient terra- Cottas 
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and paintings of 
Iexico, and by the oldest portrait-pottery of Peru. 
All alike show markedly 
on-Indian features, while they often closel)' 
resemble DIodern European types. Ancient crania, too, bave been 
found in all these countries, presenting very diflerellt characters from 
those of any of the modern indigenous races of America.! 
There is one other striking example of a higher .being succeelJed 
by a lower degree of knowledge, which is in danger of being forgot- 
ten because it has been made the foundation of theories which seem 
wild and fantastic, and are probably in great part erroneous. I 
allude to the Great Pyramid of Egypt, whose form, dilnensions, struct- 
ure, and uses, have recently been the subject of elaborate works by 
Prof. Piazzi Smyth. N ow, the admitted facts about this pyramiù art. 
so interesting and so apposite to tbe subject we arc considering, that [ 
beg to recall them to your attention. l\Iost of you are aware that 
this })yramid has been carefully explored and measured by successive 
Egyptologists, and that the dimensions have lately become capable 
of more accurate determination, owing to the discovery of some of 
the original casing-stones and the clearing aW'ay of the earth from 
the corners of the foundation, showing the sockets in wlJÍch the cor- 
ner-stones fitted. Prof. Smyth devoted many months of work with 
the best instruments in order to fh. the dimensions and angles of all 
accessible parts of the structure; and he has carefully determined 
these by a comparison of his own and all previou:::; measures, the best 
of which agree pretty closely with each other. The results arrived 
a tare: 
1. That tbe })yramid is truly square, the side
 being equal and the 
angles right angles. 
2. That the tour sockets on which the first four stones of thé cor- 
ners rested are truly on the same level. 
3. That the directions of the sides are accurately to the fonl' cardi- 
nal })oints. 
4. That the yertical height of the pyramid bears the same propor- 
tion to its circumferenee at the ùase as the radius of a circle does to 
its circumference. 
N ow all these measures, angles, and levels, are accurate, not as all 
ordinary surveyor or builder could make them, hut to such a degree 
as requires the ve)
y best modern instruments and all the refillement
 
of geodetical science to discover any error at all. In addition to this 
we have the wonderful })erfection of the workmanship in the interior 
of the pyramid, the pa::;sages and chambers heing lined with huge 
blocks of stones fitted with the utmost accuracy, while every part of 
the building exhibits the highest structural science. 
In all the
e respects this largest pyramid surpasses every other ill 
Egypt. Yet it is universally admitted to be the oldest, and also the 
oldest historical building in the .world. 
1 Wilson's" Prehistoric "Man," third edition, yoJ. ii., pr. 12;), 144, 
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Now these admitted facts about the Great Pyramid arp surely re- 
markable, and worthy of the deepest cousideration. TIl
Y aré facts 
whicll, ill the }Jrpguant words of the late Sir John IIerschel, "accord- 
ing to rccf'iyed theories ought not to happen," and whic}l, he tells u
, 
should therefore be kept eyer present to our minds, since" they helong 
to the cl:u;s of facts which serve a:s the dew to new discoveries." Ac- 
cording to modern theories, the ltigher civilization is eyer a growth 

nd an outcome from a }Jreceding lower state; and it is infelred that 
this progress is visible to us throughout all 11istory and in all the ma- 
térial records of human intellect. But llere we have a buildiúg which 
marks the very dawn of history-which is tIle oldest authentic mon- 
ument of man's genius and skill, and which, instead of being far infe- 
rior, i!' very much superior to all which followefl it. Great men are 
the products of their age and conntr)-, and the designer and con- 
structors of this wonderful monument could never have arisen among 
an unintellectual and half-barbarous peo}Jle. So perfect a work im- 
plies many preceding less perfect works which have dis3Plwared. It 
marks the culminating point of an ancient ciyilization, of tbe carly 
stages of which we have no record whateyer. 
The three cases to which I have now adverted (and there are many 
others) seem to require for their satisfactory interpretation a some- 
what different view of human progress from that which is now gener- 
ally accepted. Taken in connection with the great intellectual power 
of the ancient Greeks-which l\Ir. Galton believes to have been far 
above that of the average of any modern nation-and the elevatiOlJ, 
at once intellectual and moral, displayed in the writings of Confucius, 
Zoroaster, and tIle Vedas, they point to the conclusion tllat, while ill 
material progress there has been a tolerably steady advauce, man'f\ 
intelJectual and moral development reached ahi:lOst its highest level in 
a very remote past. The lower, the more animal, but often the more 
energetic types, have, however, alway
 been far the more numerous; 
hence such established societies as have here aud there ari
('n under 
the guidance of higher minds have always been liaùle to be swept 
away hy tIle incursions of barbarians. Thus, in almost every part of 
the globe there may have been a long succession of partial ciyiliza- 
tion, each in turn succeeded by a period of barbarism; and this view 
seems supported by the occurrence of degraded types of skull along 
with f'uch "as migllt have "belonged to a philosopher "-at a time 
when the Inammoth and the reindeer inhabited Southern France. 
N or need we fear that there is not time enough for the rise and 
decay of so many successive civilizations as this view would imply; 
for the opinion is now gaining ground among geologists that paheo- 
lithic man was really preglacial, and that the great gap-marked 

like by a change of physical conditions, and of animallife-wllich in 
Europe always separates hÏ1n from his neolithic snccessor, wa
 caused 
by the coming on and passing away of the great Ice age. 
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If the views now advanced are correct, many, perhaps most, of 
our existing savages are the successors of higher races; and their 
arts, often showing a wonderful similarity in di:.;tallt continents, may 
have b<>en derived from a common source among more civilized peoples. 
Iluust now conclude this very imperfect sketch of a few of the 
offshoots from the great tree of biological :-;tudy. It will, perhaps, 
be thought by some that my remarks have t('nded to the depreciation 
of our science, by hinting at imperfections in our knowIeùge and 
errors in our theories, wh('re more enthusiastic F-tudents see nothing 
but established truths. But I trust that I may have conveyed to 
many of my IlCar<>rs a diff<>rent impres:-:ion. I have endeavored to 
show that even in what are usually considered the more trivial ana 
superficial characters presented hy natural ohjects, a whole field of 
new inquiry is opened up to us by the Rtudy of distrihution aIH.llocal 
conditions. 
\lld as regards man, I have endeavored to fix your at- 
tention on a class of facts which indicate that the course of llÎs dev<.->l- 
opment has been far less direct and simple than has hith<>rto he en 
supposed; and that, in
tead of resembling a single tide with its ad- 
vancing and receding ripples, it mn:-:t rather he compared to tIle prog- 
ress from neap to spring tides, both the rise and the depression heing 
comparatively greater as the waters of true civilization :::;lowly ad- 
vance toward the highe::;t level they can reach. 
And if we are thus led to believe that our present knowledge of 
Nature is somewhat less complete than we have been accustomed to 
eonsid<>r it, this is only what we might expect; for, however great 
may have been the intellectual triumphs of the nineteenth century, 
we can hardly think so highly of its achievenlents 3'-: to imagine that, 
in somewhat less than twenty years, we have passed from eomplete 
ignorance to almost perfect knowledge on two such vast ana (.mnpkx 
subjects as the origin of "pecies and tho :l.ntiquity of man. 
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By PRINCIPAL J. W. DAWSON, 
OF MCGILL rNIVERSITY. 


I T may be ohjected that, by the introduction of a co:-:mogollY, the 
Bible exposes itself. to a conflict with science, and that therel,y 
injury results hoth to science and to rdigion. This is a grave clwrge, 
and one that evidently has had much weight with m:l.ny minas, 
ince 
it has been the subject of entire treati
es designed to illustrate the 
history of this conflict or to explain its nature. The rev<>l:l.ti0n of 
J Extract from a "Work preparing for publication. 
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God's will to luan for his moral guiùance, if nece
Rary at all, was ne- 
cessary before the rise of natural science. }len could not, more espe- 
ciaHy, do without some knowledge of the unity of God aud the unity 
of Nature until these great truths should be worked out by H'ientitic 
induction. Perhaps they might never have been so worke(l out; tIwre- 
fore, a revealed" book of origins" has a right to precedence in this 
matter. N or need it in any way come into conflict with the seience 
subRequently to grow up. 
cience does not deal so much with the 
origin of Nature 3S with its method and laws; and all that is neees- 
sary on the part of a revelation to avoid conflict with it is to confine 
itself to t he statement of phenomena and to avoid hypotheses. This 
is enlÎnently the course of the Bible. In its cosmogony it shuns an 
embellishments and details, and contents itself with tIle fact of crt:a- 
tion and a I:>light sketch of its order; and the sacred writers in their 
subsequent references to Nature are strictly phenomenal in their 
statements, and refer everything directly to the will of God, without 
any theory as to secondary causes or relations. They are thus de- 
cided and l)ositive on the points with reference to which it behooves 
revelation to testify, and non-committal on the })oints which belong to. 
the exclusive domain of science. 
'Vhat, then, are we to say of the imaginary "conflict of science 
and religion" of which so much has heen made? Simply, tha.t it re- 
sults largely from misapprehension ana misuse of terms. True relig- 
ion, which consists in practical love to God and to our fellow-men, can 
have no conflict with true science. They are fast allies. The Bible, 
considered as a revelation of spiritual truth to man for his salvation 
and enlightenment, can have no conflict with science. It promotes 
the study of Nature, rendering it honorable by giving it the dignity 
of an inquiry into the ways of God, and rendering it safe hy Reparat- 
ing it from all ideas of magic and necromancy. It gives a theological 
sanction to the ideas of the unity of Nature and of natural law. The 
actual conflict of science, when historically analyzed, is fourfold: 1. 
"\Vith the Church; 2. 'Vith theology; 3. 'Vith superstition; 4. 'Yith 
false or imperfect science and philo:o:ophy. Religious men have, 110 
doubt, from time to time identified themselves with these opponents, 
hut that is all; and much more frequently the opposition ha
 becn by 
unwise or bad men, more or less, it may be, l)rofe
sing religious ob- 
jects. 
Organizations 
tyling themselves" tJJe Church," and whose war- 
r:1nt from the Bihle is often of the sl('nderest, have denounced and 
oppoHec1 new scientific truths, and persecuted their upholder
; lmt 
they Il:l.Ve just as often d(>nounced the Bible itself, and religious doc- 
trines foulldetl on it. 
Theology claims to be itself one of the sciences, and as such it is 
Jlece
!'arily imperfect and pl'ogres:õ-iye, ana may at any time be more 
or less in conflict with other srif'n('(
. But theology is n()t rt>ligion, 
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aud may often have very little in common either with true religion 
or with the Bible. 'Vhen discussions arise between theology and 
other sciences, it is only a pity that either side should indulge in what 
has been termed the odiu'J/
 theolog'ic'llm, but which is unfortunately 
not confined to divines. 
Superstition, considC'red as the unreasonable fear of natural agen- 
cics, is a passive rather than an active ol)ponent of science, except 
when it becomes affected with some cruel panic. But revelation 
which affirms unity, law, and a .Father's lmnd in Nature, is the deadly 
foe of superstition; and, as a matter of .fact, no body of peol)le who 
have been readers of the Bible, and imbued with its spirit, have been 
foun(l ready to molest or persecute science. 'Y ork of t1Jis sort has 
been done chiefly by the ignorant and superstitious votaries of sys- 
tems which detest the Bible as much as they dislike science. 
Perhaps the most troublesome opposition to science, or rather to 
the progress of scicnce, has sprung from the tenacity with which nlen 
hold to old ideas. These, which may at one time have been the best 
science attainable, root thenlseh.es in the general mind, in popular 
iiterature, in learned bodies, and in educational books and institutions. 
r-rhey become identified with men's cOllcel)tions both of N atnre and 
religion, 'and modify their interprptations of the Bible itself. It thus 
becomes a most difficult matter to wrellch them from their hold, and 
their advocates are too apt to inyoke in their defense political, social, 
and ecclesiastical powers, and to seek to support thenl by the autbor- 
ity of revelation, even when this, rightly understooù, might be quite 
a!:) favorable to the newer views. 
All these conflicts are, however, necessary incidents in hUlllan 
progress, which comes only by conflict; and there is n'ason to ùelieve 
that they would be as severe in the absence of reH
aled religion as ill 
its presence, were it not that the absence of revelation seems often to 
produce a fixity ana st.agnation of thought, unfavorable to any new 
views, and consequently to some extent to any intellectual conflict. 
It has been, indeed, to the disil1ternl(
nt of the Bible, the Heforma- 
tioll of the fifteenth century, that the world owes, more than to any 
other cau
e, the rapid growth of modern science, and the freedom of 
discm;
ion which now prevail:-:. The Bihle is surely to be regarded as 
a religious hook, and a "err olt1 one. Yet, its constant appeal to the 
indi\"id.ual judgment in n1atters of rdigion exposes it quite as often as 
science to the attacks of ecclesiastical power, and g"ives to those who 
rely on it as a rule of faith a mental stimulu::i which is to thi::; day the 
strongest gnarantee that we pusse"
 for intellectual liberty in other 
matters. 
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By IUCIIARD A. PROCTOR. 


D LHIKG my visit:s to America in 1873-'74 and 1875-'76, I was led 
from time to time to notice with interest the progress and prom- 
ise of astronomical science in America. ]Uy own special purpose in 
vi:-.iting America on these occasions ]xlrtly brought these matterb to 
,IUY attention. The circumstance that in a country so much more 
thinly })eol'led than Great Britain it should be possible not only 
to obtain audiences for lectures on such a subject as astronomy, but 
to obtain more an(l better and larger audiences by far than could be 
obtained during a lecture-season in England for any single scientific 
subject whatever, appeared to me in itself sufficÍently remarkable. 
At a first view this might have been referrec1 simply to the fact that 
the Americans are a lecture-loving people, preferring the quick aud 
ready method of learning the lnore striking facts of a subject from a 
verbal exposition to close study and application. But I soon per- 
ceived that something nlOre than th(;' mere desire for superficial knowl- 
edge was in question. The number of l)ersons making close inquiry 
into tIle subject was nearly always greater (even in proportion to the 
much greater audiences) than in England. That still more select 
section of every audience, the actual wod:ers and observers, I also 
found to be correspundingly large; while again and again I met with 
what ill England is certainly very unfrequent-cases, namely, in which 
persons, not engaged professionally in the study or teaching of as- 
trononlY, had privately worked so zealously and so ingeniously in 
astronomical research as to })aye effected original discoveries of con- 
siderable interest. 
I <.10 not propose, however, to enter here into an account of these 
experiences of my own. To do so would indeed be a welcome task 
to me, as enabling me in some degree to express not only my sense of 
the interest taken by An1ericans in science, but also my recognition 
of the unvarying kindness with which I was personally received. At 
Boston, New York, Philadelphia, 'Vashington, Brooklyn, St. Louis, 
Cincinnati, Baltimorp, Chicago, Columbus, Louisville, and 
Iinneapo- 
lib, and, in fact, at all tbe cities and towns which I visited, I received 
a generous and kindly welconle fronl the conullunit.y, accompanied by 
3.ct8 of personal kindness from individuals, which I shall always hold 
In grateful remembrance. But this would not be the place to attempt 
the task-in any case no easy one-of expre8
ing my sense of Anleri- 
can kindness .and hospitality. 
Iy present purpose is to indicate 
siml)ly tho remarkable progress made by Anlericans in astronomical 
science during the last haìf-century. 
Fifty years ago there were few telescopes and no observatories in 
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...-\merica. It was not greatly to be won<1erecl at that the nation should 
.not up to that time have given any great degree of attention to scien- 
tific matters. The proportion of the population having leisure for 
scientific and {-'specially for astronomical research was but 8mall, and 
the Government had matters of more vital importance than to attend 
to the erection of observatories. For several years the attention 
of Congre
s had heen í'alled to the nceessity of a national observatory, 
but when Presiùent Adams, in 1825, made a special appeal to this 
eflect, his proposal met with ridicule and disfavor. 
The first action toward the initiation of astronomical research in 
America bears date J1arch, 1810, when it was proposed in Congress 
(by .:\1r. 'Villiam Lambert, of Virginia) that a first meridian should 
be established for the United States (the meridian of the Capitol at 
\Vashington being selected), in order to obviate the" confusion already 
_ existing in con
equeuce of the assumption of different places within 
the United States as first meridians, on the published maps and 
charts" in the country. The propo:o:.ition was at once acted upon. 
In .July, 1812, we fillcl )11'. ::\Ionroe, then 
ecretary of State, in- 
(Heating its astronomicál bearing. "In admitting," said he, "the 
propriety of establishing a first meridian within the United States, it 
follows that it ought to be dOlle with the greatest mathematical pre- 
cision. It is known that the best mode yet ùiscovere<l for estab- 
lishing the meridian of a place is by obseryations of the heavenly 
bodies; ancl that, to produce the greatest accnracy in the result, such 
observations should be often repeated, at suitable opportunities, 
through a s('ries of years, by means of the best instruments. For this 
pnrpose an observatory would be of essential utility. It is only in 
such an institution, to be founded by the pul,lic, that all the nece
sary 
implements an} likely to be collected together, that systematic obser_ 
vations can be made for any great length of time, and that the !Jublic 
can be made secure of the results of the labors of scientific men. In 
favor of such an im;titution it is Rufficient to remark that evel.y nation 
which has established a first meridian has al
o esta1>lished an observa- 
tory." :\[r. Lambert brought in a hill proposing the erection of snch 
a.n ohse1"\"atory in 1818; but nothing more was <.lone until 1815, when 
the memorial on which the bill of 1831 hacl been based was referred 
to a select committee. X 0 steps were then taken, however, to earry 
a bilL In November, 1818, a third memorial from 1\f.-. Lambert was 
presentec.1, :uHl referred to a select conlll1ittec; but tbe resolution 
asked for was not finally passed until )larch B, 1821, when 
Ir. 
Lamhert was appointed by the President" to make astronomical ob- 
servations by lunar occultations of fixed stars, solar eclipses, or any 
approved. m'ethod ar1apted to ascertain the longitude of the Capitol 
from Greenwich." In Decemher, 1823, 
lr. Lambert, in a report of 
his labors, gave for the longitude of the Capitol 76 0 55' 30".54, closing 
his report with a strong appeal for the erection of an observatory. 
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Two years later, Pre:;ident Aùams urged on Congrcs::; the estab- 
lishment of a national observhtory as part of a wider scheme for the 
advancement of knowledge. l-lis rernarks 011 the astronomical por- 
tion of his scheme serve well to show the position of astronomy in 
.America half a century ago. "Connected with the ebtahli
hment of 
a university," he says, "or se!Jarate fronl it, might be ulld('rtaken the 
erection of all astronomical observatory, with provision for the sup- 
port of an astronomer to be in constant attendance on the l)henomella 
of the heavens, and for the periodical publication of his observations. 
It is with no feeling of pride as an American that the remark Illay 1)(' 
made that, on the cOlnparatively small territorial surface of EUl'
pe, 
there are existing more than one hundred and thirty of these lighthouses 
of the skies, while throughout the whole American Hemisphere there 
is not one. If we reflect for a moment upon the discoveries which in 
the last four centuries Laye been made in the physical constitution of 
the universe by means of these buildings, and of observers stationed in 
them, shall we doubt of their nsefulne:ss to every nation? And while 
scarcely a year passes over our heads without bringing some new as- 
tronomical discovery to light, which we must faill receive at second- 
hand from Europe, are we not eutting our::5elves off from the meallS 
of returning light for light, while we have neither observatory nor 
observer upon our half of the globe" (!) ,. and the earth revohes in 
perpetual darkness to our unsearching eyes? " 
In 
Iarch, 1826, a bill" to establi::;h an observatory in the Di
trict 
of Columbia" was brought before Congress and read the first and sec- 
ond time, but the House journals show no further trace of it. 'This 
bill was due to the recommell(lations of l\Ir. Adams, who did not 
relax in his efforts to secure the erection of a national ob::;ervatory, 
though del:1ys auJ disappointments occurred wllÌch lnight wpll have 
exhausted his energy, seeing that the dates of his renewed and for a 
while usell'ss appeals were 1836, 1838, 1840, and 1842. 
Passing over many circumstances ill the history of these transac- 
tions, not as being without interest, but because space will not permit 
of their being presented here, we may proceed to the time when the 
actual erection of the buildings was commenced. Thi:s wag ill 1843. 
or no less than thirty-three years after the plan for an oùservator)' 
was first proposed, so that fully one-half of the period which has 
elapsed since Lambert, of Virginia, first called his countrymen's atten- 
tion to the necessity of establishing a national observatory was lost 
in discussions and delays. At the close of Septt'mber, 1844, the new 
building was ready for occupancy, and the instruments were adjusted. 
}1"'rom 1844 to 1861 the "T ashington Obsernttory was under the 
superintendence of Lieutenant l\faury. III :::5eptember, 1846, the first 
volume of "Observations " was issued. Its value has been thus de- 
scribed by an impartial and competent judge: "Besides a fair amount 
of observations with the two transit instruments in the meridian and 
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the prime vertical, and those with the mural circle, it contained 
various importaut investigations of the e1TOrs and corrections IJecuJiar 
to the instruments. Prof. Coffin's masterly discussion of the adjust- 
ments of the mural circle, and his expansion of Bessel's Refraction 
Tables, Walker's investigation of the latitude of the observatory, and 
his comparison of the standard thermometers; all of great value." 
Iu the second volume reference was made to the discovery of Nep- 
tune, and the success of 
fr. 'Yalker, one of the assistants, in detect- 
ing, among Lalande's observations, two of Neptune, on ::àlay 8 and 10, 
1795, when the planet was observed and recorded as a fixed star. 
" Astronomers were thus furnished with all observation of Neptune 
made fifty-two years before, w})ich afforded the means of a most accu- 
rate determination of the orbit, and enabled the superintendent of 
the American Nautical Almanac to publish an ephemeris of the new 
planet two years in advance of all other parts of the Almanac. The 
observatory -was .first brought into prominence by tllese researches." 
In October, 1849, Lieutenant (now Rear-Admiral) Davis wrote as fol- 
lows to the lion. 
ecretary of the Navy on this subject: "The theory 
of Neptune belongs, by right of precedence, to ...\merican science. In 
connection with its neigh hor, Uranus, it constitutes an open field of 
astronomical research, into which the astronomers and mathematicians 
of the United States have been the first to enter, and to occupy dis- 
tinguished places." Deprecating heartily though I do, all reference 
to priority or nationality in such matters as opposed to the true scien- 
tific spirit, I cannot but note how Prof. Newcomb, by his admirable 
researches into the theory of Uranus and Neptune, has fulfilled the 
hopes thus expressed nearly a quarter of a century before his labors 
were brought to a successful termination. 
The work of the observatory, thus happily inaugurated, was prose- 
cuted steadily till 1861, when Commander l\Iaury left 'Yashington to 
join the cause of the Confederate States. During the greater })a1't of 
the war the observatory was nnder the charge of Captain Gilliss, 
who died on February 9, 1865. "It has been noted as a strange coin- 
cidence of circumstances," says Prof. Nourse, in the memoir of the 
observatory from which we have been quoting, "that the last morn- 
ing of his life witnessed an announcement of l'eHllts deduced at this 
observatory which had fulfilled his long-deferred hope of determin- 
ing the solar parallax by simultaneous observations in Chili and in 
the Unitetl States. This annonUf>ement would have been peculiarly 
gratifying to him because theRe results were from the joint activity 
of the two, observatories, founded through his exertions, 5,000 miles 
a part." 
From 1865 to 1867 tbe observatory was under the silperintendence 
of Rear-Admiral C. H. Davis, and from 1867 to the present time it 
has been under that of Rear-Admird B. :F. Sands. 'Yithout furtl1er 
considering the work accomplished at the observatory itself, which 
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has partaken of the general character of official astronomical researcll, 
we may consider here some of the special astronomical occasions at 
which tbe observers trained at 'Vashingtoll have assi
ted. 
The total eclipse of 
\.ugust 7, 18üü, was closely observetl hy par- 
ties from the observatory. Prof. A
aph Hall and 
lr. J. A. Rogers 
proceeded to Alaska; Profs. Newcomb, Ilarkness, and Ea
tm3:n, to 
Iowa; and 1\11'. F. W. BardwelI, to Tennessee. The obRcrvations made 
on this occasion were of great value and interest. The solar promi- 
nences had had their real nature determined during the eclipse of 
August, 1868; and the American observers were not content to re- 
peat the observations theu made, but extended the method of spectro- 
scopic analysis to the corona. They also obtained photographs of the 
colored prominences. The work accomplish('d hy the \Vashington 
observers, together with tlle observations made by Dr. Curtis, 1\11'. 
J. flomer Lane, of Washington City, Ind., and 1\11'. 'V. S. Gilman, Jr., 
of New York, and GeIieral 1\Iyer, U. S. A., form a qnarto volume .of 
217 pages, with twelve illustrations. Of this valuable and inter- 
esting volume, 3,500 copies were printed by joint resolution of Con- 
gress. 
The superintendpnt of the 'Yashington Observatory was JlOt con- 
tent with this. "Believing that the experience of its office}.s in their 
observations of the eclipse of 18ü9 should b
 availed of for the further 
elucid:Üion of the subjects involved in such phenomena, he addressed 
the Navy Departnwnt npon the subject of their employment in Europe 
in obsen-ing the eclipse of December, 1870; the department promptly 
detailed the professors ,vho had been the observers of the previous 
year;" and it was doubtless through the energy thus displayed by 
Rear-Admiral Sands that other skillful American astronomers were 
enabled to cross the Atlantic for the purpose of observing that im- 
portant eclipse. Unfavorable weather prevented ol>servations of this 
eclipse at some of the best I5tations, but the American observers suc- 
ceeded in establishing the accuraey of the observations made in 1869, 
and to them must be attributed in large part the definite demonstra- 
tion of the fact, which though now admitted was then much disputed, 
that the corona is a solar phenomenon, and not due to tbe illumination 
of our own atmosphere only. 
The part taken by the "T ashington Observatory in preparing for 
and coöperating in the observation of the transit of Venns, on De- 
cember 8, 1874, is too re
ent to need full description in this place. I 
may be permitted, however, to dwell ,vith s!)ccial commendatiou 011 
the m.anner in which American astronomers devoted themselH's at 
that time to a task which they might fairly have thoHgllt th(' lmsiuess 
of their European brethren. A transit of Venus is to occur in 1882 
which will be specially Amerie:ll1, being visible wholly or iu part from 
every portion of the United States; and, if Anlerica had reservell her 
energies for that oecasion, no complaint could reasonably haye been 
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Inade. It was indeed the prevalent iùea in Europe that that would be 
the cour
e she would adopt. nut, with singular generosity and scien- 
tific zeal, she not only devoted to the work of observing the earlier 
transit a. bum largely exceeding the amount granted hy any other gov- 
ernment (and nearly twice as large as Great Britain paid), but under- 
took some of the most difficult ])ortions of the work, which otherwise 
would have been left unprovided for. I cannot but recall with a feel- 
ing of something like personal satisfaction (though conscious that 
such a feeling ought to find no pl:lce in the mind of the true student 
of scipnce), the gr:ltification with which I welcomed the announce- 
l11ent, early in 1873, that America had undertaken to oecupy positions, 
the importance of which I had long pointed out, but which, but a 
fortnight before that announcement reached Europe, had been confi- 
.1ently described as astronomically inferior and geographically unsuit- 
ftble. The pleasure I then felt Vìas only sUl"})assed by that which I 
expericnced subsequently, when news receivC'(l from the various ob- 
selTing stations showed 'that at those just mentioned were achieved 
some of the most iml)ortant successes of the occasiolJ. 
..A.11other noble contribution made to science at ". ashingtoll has 
been the erection of the splendid refractor 26 iuehes in aperture, 
which is now the chief equatorial of the o1::,ervatory. America is for- 
tunate in IJossessing in Alvan Clark the greatest living master of the 
art of constructing large objeet-glasses of good definition. lIe had 
already constructed a telescope 18 inches in aperture for the ob
erva- 
tory' at Chicago, but by the contract negotiated with him in August, 
1870, by Prof. Newcomb, he was called on to achieve a far more diffi- 
cult task ill the construction of a. telescope of 2ß inches clear aIJerture. 
lIe has successfully accomplished this task, and the telescope ha
 
already obtained good results under Newcomb's skillful management. 
The mo
t important of these is an extensive serie::, of observations of 
the :o:atellites of Uranus and N eptulle, madc} with a view of determin- 
ing the elements of tl:eir orbits and the masses of the planets round 
which they circle. The observation of the two Uranian 8ateJlite
, 
Arid and Umbriel, di:scovered by Lassell, and of the Neptunian satel- 
lite also àiscoverec1 by him, must be regarded, on account of the ex- 
treme difficulty of observing these bodies, as a very valuable contri- 
bution to astronomy. It is pleasant to notice tbat N C'wcomb has been 
able most thoroughly to confirm the accuracy of Lassell's \\Fork in !\fal- 
ta, the mean n10tions of .LL\..riel and Umbriel deduced from the :l\1alta 
observations being 80 accurate that, says Newcomb, "they will prob- 
ahly suffice for the itlentification of those objects during severa.l cen- 
turies." Although no systematic search has been made for new sat- 
ellites of Uranus, yet enough has been done to show, "with consider- 
able cert::tinty," that at least the outer satellites supposed to have 
been seen by Sir ,Yo Herschel" can have had no real existence" (as 
satellites. that is to say). 
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Before passing to the brief consideration of the work accomplished 
in some of the other American observatories, we nmst fully admit the 
justice of the remarks made l)y Prof. Nourse in closing his memoir 
relating to it. " The position now accorJed to it," he says, " by the 
free tributes of scientific men in the Old 'V orld as well as at home, is 
Dot without honor to our country; and this notwith!:\tan(ling the com- 
paratively recent founding of the institution, and the as yet limited 
appropriations sustaining it. It. ma)', therefore, ju
tly claim a yet 
more generous support; and the pledge may be safely made tllat, if 
thus supported and efficiently directed, it will make returns yet more 
gratifying to national pride, and (which is a matter infinitely more 
important) advancing thè highest aims of scientific research. "
hat 
shall be its future records of success must remain with the support 
extended by the government aud the fidelity of those who are in- 
trusted with its administration." 
The actual commencement of astronomical observation in America 
belongs to a much earlier period than that at which the "'ashington 
Observatory was erected. The first telescope used for astronomical 
purposes in America was set up at Yale College fm.ty-six years ago. 
The first observatory, however, properly so called, was erected at 
'Yilliams College, 1\Iassachusetts, in 1836. The next was the IIudson 
Observatory, established in connection with the "T estern Reserye 
College, Ohio, under the charge of Prof. Loomis (now of Yale), whose 
works on astronomy are deservedly held in high esteem in this coun- 
try as well as in America. The next in order of time carne tIle Ob- 
servatory of the High School at Philadelphia, which achieved distinc- 
tion under the able management of l\Iessrs. 'Valker and Kendall. 
The "Test Point Observatory was next established, and placed under 
the care of Prof. Bartlett. All these preceded the "r ashington Ob- 
servatory. 
Soon after the \tVashington Observatory had been erected, an 01- 
servatory was built at Cincinnati. Its history ilIu:o;trates well the way 
of carrying out such work in America, when the Go,'ernment does not 
take the work in hand. The idea of erecting an important observa- 
tory in Cincinnati was first entertained by Prof. l\Iitchel, then Pro- 
fessor of :Mathcmatics at Cincinnati College. fIe proposed to atteml)t 
the task without any aid from the General or State Government, by 
the voluntnry contribution of all classes of citizens. To ascertain 
whether any interest could be excited in the public mind in favor of 
astronomy, he delivered, in the spring of 1842, a f'eries of lectureR in 
the hall of the Cincinnati College. ,yitb truly American ingenuity 
he devised a mechani.cal contrivance, by help of which telescopic 
views in the heavens were presented with a brilliancy comparable 
with that" displayed by powerful telescopes." These lectures were 
attended by large audiences, and. I may add, in passing, that the in- 
tm"est which they excited is to this day well remembered in Cincin- 
VOL. x.-6 
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nati-no small proof of Prof. :Mitchel's power as a lecturer. l The last 
lecture of the course was de]iyered in one of the great churches of the 
city (a thorough American and sensible proceeding), and at the close 
Prof. 1\Iitchel submitted to the audience, consisting of more than two 
thousand persons, his plan for erecting a first-class observatory, and 
furnishing it with instruments of the highest order. He promised to 
devote five years of faithful effort to accomplish this task. The fol- 
lowing course was then suggested: "The entire amount required to 
erect the buildings and purchase the instruments should be divided 
into shares of twenty-five dollars; every shareholder to be entitled to 
the privileges of the observatory under the management of a board of 
control, to be elected by the sharelwlders. Before any subscription 
should become binding, the names of three hundred subscribers should 
be first obtained. These three hunched should meet, organize and 
elect a board, who should thenceforward manage the affairs of the as- 
sociation." In three weeks the three hundred subscribers }lac1 been 
obtaineù, without calling any public meeting, and merely by quiet 
visits in which the nature of the sëheme was described and explained. 
Then officers were elected, a directory formed, and 1\Iitchel was sent 
"to visit Europe, procure instruments, examine observatories, and 
obtain the requisite knowledge to erect and conduct the institution, 
which it was now hoped would be one day reared." 
"Vhen 1\Iitchel l'eturned, four months later, a great change had 
occurred in the commercial affairs of America. "Everything was de- 
l)ressed to the lowest point," and it was with great difficulty tbat a 
sum of $3,000 was collected and remitted to meet the first payment 
for the telescope of twelve inches aperture ordered of 1\lerz. The 
best place for the observatory was a hill-top rising 400 feet above the 
level of the city. On offering to purchase this from 1\Ir. Longworth, 
to whom it belonged, Prof. 1\litchel was directed to select and inclose 
four acres, which 1\Ir. Longworth presented to the association. On 
"November 9, 1843, the corner-stone of the pier which was to sustain 
the great refracting telescope was laid by .J ohn Quincy Adams, who 
undertook the long (and then difficult) journey from "T ashington to 
give this proof of his interest in the cause of astronomy. "Then, in 
l\Iay, 184-4, the great telescope was paid for, the funds of the a
socia- 
tion wer
 exhausted, and the estimated cost of the building amounted 
to more than $7,000. In this difficulty a simple but again perfectly 
American plan was followed. :Mechanics and others were invited to 
subscribe for stock in the A
trol1omical Society, paying their sub- 
scriptions with work. In six weeks not less than one hundred hands 
were at work on tbe hill-top and in the city. rrhe stone of which the 


1 Tbe same remark applies to tbe lectures which he subsequently delivered in New 
York) New Ol'1eans, Boston) Brooklyn) and other large cities. It is almost impossible to 
O\-er-estimate the t$ervice thus rendered by Prof, Mitchel to astronomy in the United 
States. 
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building was erected was quarried from the grounds of the society. 
The lime was burneù on the hill, and every means was adopted to 
reduce unnecessary expenditure. Payment for stock was received in 
every possible article of trade; due-bills were taken, and these were 
converted into others which would sen.e in the payment of bilJs. In 
this way the building was reared, and finally covered in, without in- 
curring any debt. But the conditions of the bond by which the lot 
of ground was held required the completion of the observatory in 
June, 1845. It was seen to be impossiùle to carry forward the build- 
ing fast enough to secure its completion by tbe required time without 
incurring some debt. "J.\Iy own private resource
," proceeds l\Iitchel, 
" were used in the hope that a short time after the finishing of the 
observatory would be sufficient to furnish the funds to lllN't all en- 
gagements. The work was l)ushed rapidly forward. In February, 
1845, the great telescope safely reached the city; and in J.\Iarch the 
building was ready for its reception." Unfortunately, just at this 
time, when his private means were exhausted, Prof. .l\Iitchel's profess- 
orship was brought, in a very summary manner, to a temporary close, 
in consequence of the college edifice being burned to the ground. To 
recruit his means without abandoning the cause of astronomy, he gave 
courses of lectures in the chief cities of the United States, meeting 
with well-deserved success. 
The observatory thus erected achieved useful though not very 
striking results. All observatory which was erected a year or two 
later took so quickly the leading position, so far as tbe actual study 
of the heavenly bodies was concerned, that the progress of the Cincin- 
nati astronomers, as indeed of most of the astronomers of the United 
States, received less attention than otherwise might bave becn tlH' case. 
I refer to the observatory at Harvarù (Cambridge, J.\fassachusetts). 
IIere one of the first equatorials ever made by JUerz was erected; and 
by means of it ,Yo C. Bond, and his son, George P. Dond, made highly- 
interesting adùitions to astronomical knowledge. The seventh satel- 
lite of Saturn (eighth and last in order of discovery) was detected, 
the dark ring rediscovered and found to be transparent; important 
drawings of nebulæ were made, anù many other observations were 
effected, under the administration of the Bonds. Later, under Prof. 
Winlock, the Harvard Observatory has been distinguished by the ex- 
cellence of the mechanical arrangements adopted there, and by 1\1. 
Trouvclot's admirable drawings of solar spots and p'rominences of the 
planets Jupiter and Saturn, and of various details of lunar scenery. 
In passing, I Illay note that at Harvard, as indeed elsewhere in 
America, others than professed astronomers lwye achieved very nse- 
ful astronomical work. As Prof. J.\Iayer, of the Stevens Institute, 
I-Ioboken, has turned his marvelous ingcnuity in devising new meth- 
ods of physical research to astronomical inquiries, so Prof. Cooke, of 
Harvard, whose special subject is chemistry, made a most important 
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astronomical discovery, which has since been ascribed to Janssen, 
who, later (though independently and by another method), effected it. 
Prof. Cooke made a series of observations on those bands in the solar 
spectrum which are due to our own atmosphere, with the object of 
ascertaining whether they are due to the constant constituents of the 
air, or to the aqueous vapor which is present in the air in variable 
quantity. Combining hygrometric with speetroscopic observations, 
he found that when the air is moist these bands are more clearly seen 
than when the air is dry, and by systematic observations so definitely 
ascertained this relation as to prove beyond all manller of doubt that 
the bands are due to aqueous vapor. Unfortunately, though his re- 
sults were published in ....\merica, they were not published in such a 
way as to attract notice in Europe, and accordingly European as- 
tronomers remaineJ ignorant of the most important fact discovered 
by Cooke until they had rediscovered it for themselves. 
The observatory at Ann Arbor, JUichigan, was erected in 1854, 
chiefly tlJrough tIle exertions of Chancellor Tappan, of the l\Iichigan 
University. Dr. ErÜll110W, our present Astronomer Hoyal for Ireland, 
was for a long time director of this observatory. It is at l,resent un- 
der the able control of Prof. 'Yatson, who has added nearly a score 
of planetoids to the known members of the solar family. 
The observatory of Dartnlouth College, IIanover, Kew IIampshire, 
illustrates ill a remarkable way the energy and zeal with which college- 
observatories are managed in America. It would be difficult to name 
any observatory in this country where observations of greater interest, 
as respects the ph)?sics of astronomy, Lave been made than those 
effected by Prof. Young' with the nine-inch telescope constructed by 
Alvan Clark for the Dartnloutb College; or than the supplementary 
observations made by Y OUllg with a powerful telescope conveyed to 
an elevated pass in the Rocky l\Iountains. Among his results may 
be specially mentioned-first, the observations of the most remarkable 
solar outburst yet witnessed, an outburst. durÍllg which the glowing 
hydrogen of the prominences was driven to a height of at least 200,000 
miles from the surface of the sun; and, secondly, tJIe identification 
of more than 250 lines in the spectrum of the solar sierra. 
And as the most interesting and characteristic observations yet 
made upon solar prominences are due to Prof. Young, of Dartmouth 
Observatory, so the most accurate and detailed drawings yet made 
of sun-spots are those by Prof. S. Langley, of the Allegllany Observa- 
tory, near Pittsburg. 
At Chicago, a very fine telescope, eighteen inches in apm'ture, by 
Al van Clark, has been erected; but, owing to pecuniary difficulties 
consequent on the great fire (followed by the commercial depression 
which has recently affected the United States), that observatory has 
suffered considerably from the waut of a properly remunerated direc- 
tor. The Astronomical Society of Chicago has done its best to 8et 
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matters straight, but differences lmye arisen which bave marred their 
efforts. In the mean time, :Mr. S. W. Burnham, of Chicago, has shown 
admirable zeal and skill in the systematic observation of double stars, 
having discovered and measured more than 450 of these objects (all 
of a delicate and difficult nature). 
But, indeed, it would be hopeless to attempt, in the short space 
available to me here, to give any sufficient account of the labors of 
American astronomers, whether attached to Government or State ob- 
servatories, or working independently. Of tIle latter, and in mv 
opinion not the least important class, I need cite onlr Drs. Hutbel:- 
furd and H. Draper, the former of whom, besides making other ex- 
tremely important contributions to astronomy and }1hysics, has pro- 
duced celestial photographs admittedly better than any oùtained on 
this side of the Atlantic; while the latter at an earlier })eriod achieved 
results in celestial photography wlIich were far suverior to any ob- 
tained at that time, or for many subsequent years. The advice and 
assistance rendered by Dr. II. Draper to the astronomers to whom were 
intrusted the preparations for the recent transit, were most deservedly 
commemorated in a medal which the American Government honored 
itself by a warding to him. 
The most striking feature in the contributions made by Americans 
to astronomy appears to me to be the skill shown in noting the essen- 
tial points to be aimed at, and the fertility and readiness of reRource 
exlIibited as the work proceeds. In England, students of astronomy 
aTe too much in the habit of following conyentional rules, and wasting 
time over unnecessary preliminaries. An American astronomer notes 
tbat some particular observation is wanted, and directs his efforts to 
making that observation, not considering Ït necessary in the first 
place to go over ground already repeatedly traversed by others. 
I have been sometimes asked ,yhether officialism is as rampant 
in America as in England in matters scientific. American scientific 
officials have assured me that it is, or rather (for they have not worded 
the matter precisely in tbat way) tbey hold tbat official science is 
properly (as they consider) paramount in their country. I was grave- 
ly aEsul'ed in 'Vashingtoll, for instance, that the course which I had 
pursued in England, with reference to tbe suggested official schemes 
for observing the transit of Venus in 1874, would never have been 
tolerated in America, despite the fact that the course actually fol- 
lowed by American official science was precisely that which I had ad- 
vised. It was the principle, so an eminent American official scientist 
assured me, which was in question, and no American would have been 
suffered to oppose as I did the course advised by the chief official as- 
tronomer. 'Yhat would have happened to such an unfortunate was 
not clearly indicated; and I must confess that all I heard outside offi- 
cial scientific circles in America suggested to me that any mistake 
made by official science would be commented upon even more freely 
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in America than in England, and quite as safely. In fact, I had 
reason to believe tllat the warmth of my own welcome in ....\merica 
was in no slllall degree due to the fact that, having first proved tbe 
justice of my views, I had not been afraid to nlaintain tbem publicly 
against the powers that were until the proper course was adopted. 
One other point remains to be noticed, the influence, namely, of 
religious scruples u}Jon scientific progress and research in ..c\.merica. 
IIere I must aùmit that I was somewhat disappointed. I expected to 
find America a long 'WaY in advance of En
land. But with some 
noteworthy exceptions, especially in the 'Yest, America seems to me 
to be behind England in this respect. It is only here and there, in 
England-in the Bæotian corners, so to speak, of this country-th.at 
the community opposes itself to advanced scientific ideas to the same 
extent as in some of the leading cities of the United States. This is 
partly due to two opposite influences: the Puritan element of the 
American population on the one þand, and the Roman Catholic ele- 
ment on the other. Progress, however, is being steadily made in this 
as in other matters. Indeed, it bas been rather because America began 
later to bestir itself in the encouragement of free search after truth 
that she is at present behind England in this respect. J l1dging from ex- 
perience in other matters, she will move rapillly now her progress has 
begun, and will soon occupy the position to be expected from the 
natural. freedom and inJependeuce of the American mind. It need 
hardly be said that in .America, as in Europe, such contest 3S arises 
from time to time between religion and science has its origin entirely 
frOlll the side of religion. There as here religion (so called) attacks 
and denounces discoveries inconsistent with the views which the 
orthodox bad been accustomed to advocate; and there as here, when 
there as no longer any choice, the orthodox quietly accel)t these dis- 
coveries as established facts, expressing a naive astonishment that 
they should ever have been tl)ought in the least degree inconsistent 
witb received opinions.-Aclvance-sheets of Popular Science Review. 
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IS TIlE DEVELOP1\IENT HYPOTHESIS SUFFICIENT1 


By DR. JAMES McCOSH, 
PRESIDENT OF PRINOETON OOLLEGE. 


T HIS paper has been occasioned by tbe lectures of a distinguished 
Englishman who has visited this country; but I am to keep very 
much to my general suhject, and not enter upon a minute criticisln of 
Prof. IIuxley. In these lectures he has abstained from entering on 
those exciting topics bearing on materialism and religion, which he bas 
discussed so frpely in Edinburgh and in Belfast, and in his published 
writings. So far the bopes of unbelievers in Scripture, and the fears 
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of timid Christians, and the rising rage of polemic theologian
, have 
been disappointed. But an interest has been excited in the suhject of 
development. In the present state of the public mind, good may arise 
from showing that when the Joctrine of development i
 properly ex- 
plained and understood, and kept within its légitimate sphere, there is 
nothing in it inconsistent with natural or revealed religion; and that 
the scientific truths which Prof. Huxley has expounded in these lect- 
ures do not entitle him to draw the consequences which he has done 
in his" Lay Sermons" and other writings. 
In bis first lecture the professor had light work and an easy vic- 
tory. He set up two targets and shot them down. lIe stated and 
overwhelmed two hypotheses: the first, that Nature has been an along 
very much in the same state as it now is; and the second, the poeti- 
cal account given by 1\Iilton in "Paradise Lost." It did not need 
an Englishman to come 3,000 miles, it did not require a man of Prof. 
IIuxley's know ledge and òialectic skill, to demolish these fancies. I 
cannot remember a single man eminent in science, philosophy, or 
theology, defending either of these yiews during the last half-century. 
The first hypothesis was never held by religious men, though it has 
been defended by a few scientific men-who might have been kept 
from error by looking to Scripture-such as Hutton, Playfair, and 
Lyell in his earlier writings. The book of Genesis speaks of an order 
and a progression in the origin:1tion of things and of a flood covering 
the then peopled earth. I should not expect anyone but a Don Quixote 
to attack"1\Iilton's exposition of a I>opular belief. The view given in 
" Paradise Lost" was not the one entertained by several of the most 
eminent of the Christian fathers, such as Origen, and has not been 
entertained by any theologian of abilit.y and s(:holarship for the last 
.age or two. It must now be forty or fifty years since Chalmers and 
Pye Smith and certain well-known divines of the Church of England, 
and President lIitchcock of Amherst, adopted the discoveries of geol- 
ogy and sought to reconcile them with Scripture. It is an instructiye 
circumstance that, while 1\IiIton's account cannot stand a moment's in- 
vestigation, the record in Genesis is believed by many of our highest 
men of science to be perfectly consistent with the latest science. I 
llame only Prof. Dana, Prof. Guyot, and ?rincipal Dawson, the highest 
authorities on this continent, and superior to Prof. Huxley, not cer- 
tainly in zoölogy, but in geology. I am quite ready to give up these 
two hypotheses to Prof. Huxley, to hew and hack them (to use one of 
his own phrases) like Agag. 
The second lecture is written in his best manner. There is scarce- 
ly anything in it that I am inclined to object to. He is no longer kill- 
ing hypotheses which died a natural death long ago. lIe is arranging 
his materia18 for the defense of the theory of Evolution. lIe has as 
yet only brought forward the cases which he acknowledges are not 
demonstrative of the truth of evolution, but are such as must exist if 
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evolution be true, aud which, therefore, arc upon the whole strongly 
in favor of the doctrine of development. lIe makes anum ber of ad- 
Inissions. lIe allows that there are species which have continued un- 
changed, not only throughout all historical years, but all geological 
ages. Ouvier has shown that the ibises, dogs, and ca.ts depicted 3,000 
years ago or more on the monuments of Egypt are the same as those 
founù in that country in the present day. The professor mentions a fish 
of tIle chalk formation named cericus, which is represented at the pres- 
ent day by a very closely-allied species living in the Atlantic and Pa- 
cific Oceans. He thcnce argues that there is no intrinsic necessity in 
animal forms to change and to advance, as some sciolists assume. But 
he labors to prove that there are ca
.es in which varieties have be- 
come species by reason of being suited to their surroundings. lIe gives 
credit to :\11'. Darwin for bringing in two great factors in the process 
of evolution: "One of them is a tendency to vary, the existence of 
which may be proved by observation in all living forms; and the 
other is the influence of surrounding conditions upon what I may call 
the parent form, and the variations which are thus evolved." He 
adds: "The production of variations is a matter not at all }Jroperly 

tnclerstood at jJ7'e.ç:ent. vVhcther it depends on some seCl'et machinery 
-if I may use the phrase-of the animal form itself, or whether it 
arose from the iufluence of conditions upon that form, is not certainly 
a matter for our pl'eRent purpose." True, this may not be for the 
purpose of his lecture, but it must be cleared up before we can clear 
up the subject of development. The nature and laws of variations 
and the peculiar laws of heredity are at present shrouded in mys- 
tery. 'Vhen we know more of theIn and of the forces at work, we 
shall be in a better position to determine whether varieties ever do 
become distinct species. 
The professor acknowledges that geology does not furni8h decisive 
evidence of one form of life passing into another. But then he claims 
that the geological record is not complete; that much of what is 
written in stone has been effi:wed, and that if it were complete it 
would show us the missing links. To equal him in candor I admit 
that transitional forms are ever casting np. lIe shows that in cer- 
tain fields we have those transitioqs already disclosed. He ùwells on 
the resemblances and the affinities between reptiles and birds, and 
refers to animals which have some of the properties of both. Thus 
there are birds that have teeth, and reptiles that have wings and can 
stand on their two hind-legs, such as the haclrosaurus found in New 
Jersey. His demonstration, as against Owen, seems to me complete 
here. True, there are naturalists who maintain that the teethed bird 
is still a bird, and the archeoptrix a reptile, a variety and not a tran- 
sitional form. StilJ, such cases indicate a tendency on the part of the 
reptile to rise to the bird, and of the bird to retain properties of the 
reptile; 
nd natural selection and development alone can explain this. 
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In his third lecture he brings forward what he regard
 as a demon- 
stration. In the case of Eq
tuS, em bracing our horse, ass, and zebra, 
he is able, by means of the specimens gathered in the West by Prof. 

Iarsh, to discover the succession of hor
e-like forms which the hy- 
pothesis of evolution suppJies. lIe goes back from the living horse 
through the like animals of the post-Tertiary in the Pliocene, middle, 
and earlier on to the olJer Eocene formation, where he finds tbe oro- 
hippus. "There you have four toes on the front-limb complete, three 
toes on the hind
lim b, a complete and well-developed ulna getting 
forward an equality of size with the r
c1ius, a complete and well-de- 
veloped fibula apparently, though it is not quite certain, and then teeth 
with their simple fangs. So that you are now able, thanks to these 
researches, to show that, so far as our present knowledge extends, the 
history of the horse-type is exactly and precisely that which could 
have been predicted from a knowledge of the principles of evolu- 
tion, and the knowledge we now possess justifies us completely in 
the anticipation that, when the still older Eocene c1el)osits and those 
which belong to the Cretaceous epoch have yielded up their remains 
of equine animals, we shall find first an equine creature with four toes 
in front and a rudiment of the thumb, then probably a rudiment of 
the fifth behind, and so, by gradual steps, until we corne to that five- 
toed animal in which most assuredly the whole series took its origin. 
That is what I mean, ladies and gentlemen, by demonstrative evidence 
of evolution." 
Suppose that we adlnit all that tbe lecturer claims on this subject: 
what then? Have we thereby set aside any doctrine of philo
ophy 
or religion? The Christian, even the Christian theologian, may say 
wisely: "J.Áet naturalists dispute as they may about the derivation of 
plants and of the lower animals; their hypotheses, :1l'guments, and 
conclllsions, do not interfere with our belief that God is to be seen 
everywhere in his works and rules over all." It appears to me that the 
whole doctrine of vegetable and animal E\pecies needs to be reviewed 
and readjusted-and religion need not fear the result. I have been 
convinced of this ever since I learned, when I was ardently studying 
botany, that the number of species of plants had risen to two mill- 
ions! I was sure that nIl these are works of God; but I was not 
sure that each was a special creation. 
When a new truth is discovered, especially when it is a reaction 
against an old theory, it is apt to bulk so largely in the view of those 
who hold it that they carry it to extreme lengths, and it requires time 
and discussion to confine it to its own pTaceK Thus, in old time, 
Thales perceiving how much water could do, and Anaximenes how 
much air could accomplish, and Pythagoras how much numbers and 
forlns could account for, hastened to the conclusion that tIle ,,-hole 
operations of Nature could be derived from them and eXplained 'by 
them. I am old enough to remember that the brilliant dif'ocoyeries of 
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Sir Humphry Davy led wandering lecturcrs and all sorts of scioIists 
to affirm that they could explain all things, matter and mind itself, by 
electricity. So, in these days, development, haYing furnished a key to 
open so many of the secrets of Nature, has led some to imagine that 
it can solve all the mysteries of the universe. Some of us may be 
inclined to admit, and to use for scientific purposes, the doctrine of 
development, and yet be prepared to deny that it can explain every- 
thing. The fact is, it overlooks a great many more things than 
it notices. There are signs of a reaction among scientific men against 
its extreme positions; and it is the work of the age now present to 
show how much development can do, and how much it cannot do. 
Even Darwin is obliged to call in a few germs created by God, and a 
pangenesis in order to account for development. Herbert Spencer 
acknowledges a greàt Unknown behind visible phf'nomena. Huxley 
recommends a worship chiefly" of the silent sort." Religion COllies 
to them and says, "'Vhom, therefore, ye ignorantly worship him de- 
clare I unto you." 
In the common apprehension of those who hold the development 
hypothesis, aU that is necessary to account for tbe world in its pres- 
ent state is to suppose that millions of years ago there appeared-no 
one can tell how-a nebulous mass with an inconceivably high tem- 
perature,- but losing its heat and ready to condense; that in the long 
lapse of time it took the shape of planets, satellites, and sun; and that 
on one of these planets-that on which we dwell-it formed into 
plants, animals, and finally man, all by its own power, according to 
natural law, or, rather, the necessity of things, without it being neces- 
sary to call in a God or a guiding providence, or to suppofl.e that there 
bas been a plan in a designing mind. All the defenders of the theory 
do not state this in express words, but it is the impression left by 
their expositions, though some of them, such as IIel.bert SIJencer and 
Tyndall, would save themselves from the blank consequences by can- 
ing in an unknown and unknowable power beyond the visible phe- 
nomena, or by nppealing to some religious feelings supposed to be 
deep in our nature, but which the theory would soon undermine, as 
being, in fhct, unjustifiable and unreasonable. This is the view that 
I mea.n to meet. In examining this hYI)othesis there are some things 
which I am. willing to admit as being established truths: 
1. I hold the doctrine of the Conservation of Force-tlmt is, that 
the sum of energy, real and po.tential, in the universe is always one 
and the same, and .cannot be increased or diminished by human or 
mundane action. I was þrepared for this doctrine when it was an- 
nounced by l\Iayer, of Heilbronn, and by Joule, of l\Ianchester, and 
expounded by Grove, of I,ondon. It seemed to me to follow from the 
doctrine which I had laid down in my first work-" The :Method of 
Divine Government "-published twenty-six years ago: as to the ma- 
terial universe being composed of substances with pro!)erties or pow- 
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ers of which it cannot be deprived, and which cannot be ad(led to nor 
lessened. It is this that secures the ])crmanence of Nature, keeping it 
unchanged in its power or powers amid an changes of action. This 
energy, disappearing in one form, appears necessarily in another, and 
gives us what Spencer calls the" persistence of force." This ever- 
enduring force gives rise to development. Going out fi'om one body, 
it is manifested in another. The fact is, all causation, all physical 
action, is evolution. The substances and }JOwers in the agents acting 
as the cause are found, though in a modified form, in the effects. Pro- 
ceeding on this very principle, l\Iayer says: "Forces are causes; ac- 
cordingly, we may in rc1ation to them make full application of the 
J)l'inciple causa equat ejJ'ectum," and he thus elaborated the grand sci- 
entific truth, the most important discovered in our day, that the sum 
of energy in the universe is al ways the same. 
2. I admit that this power becomes more and more differentiated, 
that is, takes more and more diverse forms, and thus imparts an ever- 
increasing multiplicity and variety to tbe universe, and will continue to 
do so till the diver
ity breaks it up, and" the heavens shall pass away 
with a great noise, and the elements shall melt with fervent heat, the 
earth also, and the works that are therein shall be burned up." 1\11'. 
John S. 
Iin has been successful in showing that there is usually more 
than one antecedent or agent in a canse. " A man takes mercury, goes 
out-of-doors, and catches cold. We say, perhaps, that tlle cause of bis 
taking cold was exposure to the air. It is clear, however, that his 
having taken mercury may have been a necessary condition of his 
catching cold; and though it might consist with usage to say that 
the cause of his attack was exposure to the air, to be accurate we 
ought to say that the cause was exposure to the air while under the 
effect of mercury." He concludes, "The real cause is the whole of 
these antecedents." Now, I hold tbat in physical Nature causes are 
not only usually, but invariably, of this dual or plural nature. I go a 
step farther, and have shown, I think, that the effects are :1.lso of the 
same dual or plural character. The effect, in fact, consists of the 
same agents or substances as the cause, but now in a new state. A 
picture f.llIs from a wall and l)reaks a table; we say that the bréaking 
of the table was the effect of tbe fall of the picture. But the trne 
effect embraces both the picture and the table, thp l)icture havÌ11g lost 
its momentum, and tIle table being broken. It follows from all this 
that thf' new combination of agents, acting as the cam
e8, must produce 
more and more varied effects, as the effects joining with other eflects 
becom,e causes, and }'amify into brancl1Cs and In-anchlets. The Rum 
of the powers is one and the same, but they appear in an ever-increas- 
ing number and diversity of forms. The conseryation of fore-e thus 
gives a unity to Nature, whilè the mutual action and interaction give 
it its multiplicity. 1 remember how deeply I was interested in tlmt 
paper (I read it when it appeared) of ,\T on Baer, in which he shows 
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that in the germs of animals, as in the history of the production of 
animated Nature through long ages, there are first greater unity and 
simplicity, and then specific varicties more and more dh'crgent. 
3. I have neyer set myself, as too many religious men unwisely 
did, against the theory, first started, it would appear, by I\:ant, then 
elaborated by Sir 'Villiam I-Ierschel and LalJlace, and IJerfected, I be- 
lieve, by a professor in Princeton CoHege, that the mundane system 
may haye been formed out of original matter, evolved according to 
the mechanical laws with which it is endowed-first the outer plan- 
ets, then the inner, and finally the sun condensed into the centre. 
This never appeared to me to be an irreligiou::) doctrine, though l"a- 
place was unhappily a man without religion. 
4. Once more, I have ever stood up for a doctrine of Develop- 
ment. There is a development of one form of matter from an- 
other, of one force from another. There is, as everyone allows, 
a development of the plant and animal from the parent. I see 
nothing irreligious in holding that the bird may have been evolved 
by nuinerous transitions from the reptile, and the living horse 
the old horse of the Eocene formation. An accumulation of powers, 
new conditions and surroundings may, it is ackno\vledged, produce 
a variety which may become hereditary. Let us suppose that they 
can also, in rare cases of combination, produce species: religion is 
not thereby undermined, either in its evidences or in its essential 
doctrines. 
The question now arises and presses itself upon us: Can we by 
these acknowleged agencies explain the whole of the present state of 
the universe, with all its fitnesses, its harmonies, its beauty, its utili- 
ty, its beneficence? The development theory, in the narrow and ex- 
clllsive form which it commonly takes, overlooks 'vastly more than it 
notices. In particular, there are four grand truths kept out of sight. 
'Vithout these, we cannot understand the Cosmos. 'Vhen these are 
introduced, they bring God into his own universe, and fill it with life 
and love. 
1. God is present in all his 1Vm'ks, and acts in all tlwir Actings. 
-This is the religious doctrine. "By him an things consist." Paul, 
addressing the men of Athens, said: "For in him we live, and move, 
:1n(l have o
r being; as certain also of your own poets have said, 
For we are also his offspring." This doctrine may be so stated as to 
make it pantheistic. It is the one grand truth contained in panthe- 
ism, giving it all its plausibility, and making it supm.ior to that bald 
theisnl which makes God create the world at first, and then stand by 
and see it go. The doctrine can be so statcd as to free it from all 
such tendencies on the one side or the other, so as to make God dis- 
tinct from an his works, and yet acting in t.hem. This is, I believe, 
the philosophical doctrine. It has been held by the greatest thinkers 
which our world has produced, such as Descartes, Leibnitz, Berkeley, 
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Herschel, Faraday, and multitudes of others. It seems to be required 
by that deep law of causation which not only prompts us to se{'k for 
a cause for everything, but an adequate cause, to be found only in an 
intelligent mind. Our greatest American thinker, Jonathan Edwards 
(whom I can claim as my predecessor), maintains that, as all imagé in 
a mirror is kept up by a constant succession of rays of light, so N a- 
ture is sustained by a constant forth-putting of the dhine power. In 
this view Nature is a perpetual creation. God is to be seen not only 
in creation at first, but in the continuance of all things. "They con- 
tinue to this day according to thine ordinances." He is to bc ac1.lIowl- 
edged not only in the origination of matter, but in its developments; 
not only in the reptile and the bird, b\lt it may be in the steps by 
which the one has been dérived from the other; not only in the 01'0- 
bi})pus, but in the stages by which tbat animal has risen into the 
horse so useful to man. 
2. New Powers appearing in 1\T a t'llre.-Let us suppose that there 
was an original matter. I regard it as nlost in accordance with the 
principles of our .reason to ascribe that matter to God. 'Yhat prop- 
erties had that matter at first? Every man of ordinary wisdom and 
modesty will be ready to answer, " I know not." If he does not know, 
lIe is not cntitled to say that all things have proceedcd from it. I 
suppose it will be allowed that it possessed grayitation. " This law 
of the inverse square," says a writer in the last number of the Q
l(fr- 
. terly RfJview (London), "is but the mathematical expref'sion of a 
property which has been imposed on matter from the creatioll. It is 
no inherent quality, so far as we know. It is quite conceÏYabJe that 
the central law might have been different from what it is. There is 
no reason why the matbematicallaw should be what it is, except tl}e 
will of the TIeing who imposed the law. Any other pro!)ortioll would 
equally wéll be expressed mathematically and its results calculated. 
As an instance of what would occur if any other proportion tl13n the 
inverse sqnare were substituted as the attractive force of gravity, FUP- 
pose, at dif'tances 1, 2, 3, the attractive fOl.ce had varied as 1,2, 3, 
instead of the squarcs of those numbers. Under such a law any mUll- 
bel' of planets might revolve in the most regular and orderly manner. 
But under this law the weight of bodies at the eart1}'s surface would 
cem;;e to exist; nothing would fall or weigh downward. The greatel. 
action of tl}e distant sun and planets would exactly neutralize the 
attrnctive force of the eartb. A ball thrown from tlw hand, howéver 
gently, would imm
diatély become a satellite of the earth, and would 
for the future accompany its conrsE', revolving about it for the I'p:1ce 
of one year. All terrestrial things would float about with no princi- 
])le of coherence or stability-they would obey the general Inw of the 
system, but would acknowledge no particular relation to the earth. 
It is ohvious that such a change would be Fubversive of the entire 
structure and economy of the world." 
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:àluch the same might be said of the chemical, the electric, and 
magnetic properties of matter. If they were among the original 
powers, there is proof of design in their aùaptation to one another and 
to the matter of the universe. If they were not, then we have traces 
of a new power being introduced, and for this we must look for a 
cause. 'Ye are not able to say how many tbe properties possessed by 
the original matter; whether they were few or many. But in either 
case there is evidence of contrivance in their harmonious action and 
results. 'Ve see that there is an end proposed in the music that 
comes from a violin, and this whether it is brought forth from one 
string, as was done by Paganini, or from four strings, as is done by 
the ordinary performer. So in the orderly and beneficent action of 
Nature there is proof of adaptation, whether we suppose tbe original 
properties to be few or to be nlllnerous. 
Though preservation is in a sense a continued creation, ret preser- 
vation differs frOln creation. In looking back on the history of the 
world, it is often difficult to tell as to a certain work to which of these 
two kinds of divine acts it belongs. We may not be sure, for example, 
as to a new form of plant or animal, whetllCr it is a creation or simply 
a development according to law; and I am not sure that religion 
gains by our taking one side or another. 'Ve cannot, we bave seen, 
determine for certain what were the powers of Nature tllat were 
working from the very beginning. But it is clear and HIre that 
powers have appeared in Nature from time to time which did not 
operate at first nor for long ages; nay, if geology speaks truly, nor 
for millions of years. There may be two suppositions in regard to 
these l)owers. The one is, that they were all along in the origir.al 
matter; that the star-dust had in it potentially not only gravitation 
and cllemical affinity, but lifp, sensation, consciousness, intelligence, 
moral discernment, love. It is hard to believe that there was all this 
in that dun, heated, nebulous matt.er from which our world 8prang. 
It"is acknowledged that this mass must have existed for a long time 
-for bundreds of thousands, probably for millions of years-béfore 
life, and for a far longer time before intelligence, appeared. 'Ybence 
did these new l)owers come? If they were in the original matter, how 
did it come that they were so long dormant, how that they at last ap- 
peareù, it might be shown, at the appropriate time when surroundings 
were prepared for them? Science can say nothing on this subject, anù 
may never be able to say anything. It is passing altogether beyond 
its province, passing from inductive proof into speculation, when it 
pretends to know anything one way or other. Philosophy feels itself 
staggered when it would solve the problem. It does say, indeed, 
that this new operation must 11aye had a cause. It is one of the cer- 
tain laws of intelligence, one of the universal b,ws of experience, that 
everything that begins to be must have a cause. This law of causa- 
tion takes several forms; but every form will insist that these new 
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operations must have come from a causal power. "Ex nihilo nihil 
fit" is a maxim going back farther than I am able to tell. The form 
given it by the great atheistic poet Lucretius is: 
". . . Nihil posse creari. 
De nihilo, neque quod, genitu est ad ni1lil revocari." 


Persius puts it: 


". . . Gigni 
De nihilo nibil, in nihilum nil posse reverti." 


Take either of these forms, or any form, and it insists that we 
seek a cause of the new kind of operation. It cannot discover that 
there was anything in that heated, vaporous matter to produce life 
and sensation, when they ap})earec1 millions of years after the world 
had begun to be formed. I will not decide dogmatically whether the 
causal action was natural or supernatural. Perhaps we are bere come 
to a place where the distinction between natural alid supernatural is 
lost in the dim distance. The cause may have acted according to a 
law. But in that case I must hold it to be a divine law. Even in 
the supposition that it bas been brought about Ly a cOlljuDcture of 
circumstances, unknown for the indefinite period before, it must have 
been a providential juncture foreseen, nay, ordainpd by God. 
Life appears ten thousand ages or more after the earth began to 
form. Whence this life? Prof. Huxley seems to find it in some 
protoplasm or gelatinous substance. 'Yas this one of the original 
elements of the nebulous matter? If so, how did it come through 
that terribly heated tempm.ature? If it did not exist till after the 
tem})erature had cooled, how did it come in"t Prof. Huxley bas been 
the most determined opponent in our day of the s})ontaneous gener- 
ation of life, ana is thereby left without a means of generating the 
life of plants and animals. Darwin feels himself obliged, in order to 
aceount for the phenomenon, to suppose that there were four or five 
germs created by God. Tyndall thiuks that Darwin has at this point 
fallen into a weakness. But, meanwhile, Tyndall"has no meanR what- 
ever of accounting for the appearance of life. l\Ir. Darwin Ílirther 
calls in a pangenesis-which is just another name for the vital force 
of the, older naturalists-in order to account for the generation of 
new animals. But he does not tell us, and evidently cannot ten us, 
whence this pangenesis, which cannot come from development, of 
which it is the source, and not the proùuct. Herbert S!)encer })refers 
to bring in physiological units. 
'Vhence comes sensation? There was a moment when sensation 
pleasurable or })ainful was felt for the first time in the universe. "r as 
this at the beginning? If so, one wonders how the sentient substance 
came through the heat, where, so far as we can judge, it must have 
been suffering intolerable anguish without the power of relieving 
itself by self-destruction. 
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Had this protoplasln self-consciousness? I rather think that 
neither Prof. IIuxley nor Prof. Tyndall would say that it Lad. Ani- 
mals from the very first have sensations, and also, at least the higher 
ones, ideas and very curious instincts, by which they make provision 
for coming evils of which they can have no conception. Finally, in 
the last of the unnumbered ages we have man with his intelligence, 
his conscience and free-will, all attested by consciousness. 'Vill evo- 
lutionists pretend tbat on any rational or inductive principle they can 
tell bow these new powers came into being and into action? 'Yhen 
the book of Genesis tells us how these agencies did come in, and in 
particular how man appeared, science has and can have no facts to 
lead us to discredit it. 
3. There is Final Cause in Nature.-Laplace, a great mathema- 
tician but, not a great philosopher, imagined that, when we have dis- 
- covered an efficient, it is not 
ecessary to seek for a final cause. 
Aristotle, with a much more enlarged concc!)tion of the nature of 
the universe, maintained that we are to seek for botb thcse causes- 
and for two others besides, the material and the formal. The fact 
is, that final causes presuppose efficicnt causes; anJ the efficient 
causes effect, by their coöperation, the final causc. 'Ve argue final 
cause, that is design, from the collocation of efficient causes to pro- 
rnote an evident end, say the ear to hear and the eye to see. The 
doctrine of development does not undermine or in any.way interfere 
with the argument from design. This was asserted by IIugh :ß1iller 
when the " Vestiges of Creation" was published, and bas been 
gracefully illustrated and defended by Prof: Asa Gray in his pleasant 
book, "Darwiniana." ",Y'hen we argue that a watch has had a makcr, 
we do not SUl)pose it necessary that tbe watch should have been 
made by an immediate fiat of the mechanic. We so infer, because 
we discover agents combined to produce a particubr effect, and the 
combination of these may ha\.e taken days or weeks of patient labor. 
So, the fact that the present adaptations and forms of the plant and 
animal may have been produced by a great number of antecedents, 
acting through ages, does not show that there is no design, but 
rather l)roves that there has been a bountiful end contemplated an 
along, and effected by a long process. Prof. Huxley, in the opening 
of his last lecture, has expressed. his admiration-an admiration with 
which I thoroughly sympathize-of the structure of the horse: ".The 
horse is in many ways a most remarkable animal, inasmuch as it 
presents us with 3n example of one of tbe most perfect pieceR of 
machinery in the animal kingdom. In fact, among mammalia it 
cannot be said that there is any locomotiye 
o perfectly adapted to 
its purpose, doing so much work with so small a quantity of fuel, as 
this animal, the horse." lIe speaks of the beauty of the animal aris- 
ing " from the perfect balance of his parts and the rhythm and per- 
fcction of their action. Its locomotive apparatus is, as you are 
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aware, resident ill its slender fore and hind legs, which are fléxiLle and 
elastic levers, (mpable of being moved by very IH'3.v)' mU8c1es. 
\nd 
in order to supply the engines that work these levers-the muscles-- 
with the force they expend, the horse is provided with a very }wrfect 
feeding apparatus and very perfect digestive apparatus." In all 
these things being p'i"ovìded-the phrase used by Huxley, though he 
has no right to use it-there is evidence of purpose, :l1H.1 tllis is 
not diminished, but rather increased, by the fact that tl1f' animal 
has Leen thus perfected by a long descen
 from an ancient progt>ni- 
tor. The argument of Paley and of the Bridgewater Treatises, 
derived from the bones and muscles of animals, and from the adjust- 
mcnts in every })art of Nature, is as valid and convincing as ever. 
I believe Prof. IIuxley admits this. I discover adaptation and con- 
trivance, not only in the products but in the very proce
s of deve'- 
opment. '
iewed in this light, development may, in the hands of a 
new Paley, furnish furtber and very striking cases of design. For, in 
order to the snccess of tIJe process, there is often need of coürdinated 
structure, that is, of a structure in which a number of parts are 
adapted to each other. ::\Iy friend JUr. Joseph J. 
Iurphy has sup- 
plied us with an instance in the case of the two nervous connections 
of the iris of the eye. " One of its nerves has its root in the hrain, 
and contracts the pnpil under the stimulus of 1igIJt; the other has its 
root ill the sympathetic ganglia, and opens the Impil again when the 
intensity of light is diminished. It is obviously impossible that the 
efficiency of either of these two nerves could be incrt'ased separately; 
they will not be improved at all unless they are improved togetber; 
and this, on Darwin's principles, can only be done by means of acci- 
dental favorahle circumstances occurring in both at once. But such 
coincidences are so improhable that they may Ue It:>ft out of account 
as if they were impossible." I do not agree with :\Ir. :l\Iurphy irl 
thinking tbat such au instance tells against Darwin; but I t IlÍnk the 
coincidence 
hows a preordained arrangement, and such coincidences 
are found in nearly every case of deyelopment, thus showing tIle need 
of coüpcration and contrivance in tbe very develoJ'ing prOCé:-S. It is 
to be observed that evolution, vegetable and animal, and natural 
selection, are not simple properties of matter like g1 0 ayit ation anc1 
chemical affinity. They imply tbe concurrence of aD immt'llse number 
of agents, mechanical, chemical, electric, galvanic; and Darwin adds 
pangenesis, and Spencer physiological units. III the conCUlTCJ1('t' 
ana coöperation of all these to develop tbe plant and animal, I I't'e 
proof of purpose; and in the culmination of the w lJO]e in tbe pelfeet 
forms of the higher animated beings, I discover a guiding intelligence 
which designed tbe end from the heginning. 
4. Tlto"e w.e Typical Forms in Nature.-It is now twenty years 
since, ill conjunction with Dr. Dickie, I wrote "Typical }"'orms :mò 
Special Ends in Creation," in which I showed tbat there was Hot 
VOL. X.-'1 
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only final cause, but a designed general order in Nature. When I 
composed t.hat work I was filled with aùmiration of the discoveries 
made by Goethe and Oken, by Owen and Agassiz, as to the beautiful 
"forms" in Nature. Some may think that the more recent doctrine 
of development has made that treatise obsolete. I admit that tlIese 
late discoveries miglJt require me in some places to change my moùe 
of expression; and the time has scarcely arrived for rewriting that 
book, and will not arrive till Darwin's doctrine and Owen's doctrine 
are more thoroughly adjusted. But, meanwhile, the argument is as 
valid as it eVér was, and proves that there is a designed order and 
beauty in Nature, the design being not less evident beeause the order 
awl beauty have been brought about by a process of development. 
This has been shown fully and satisfactorily by St. George 1\Iivart ill 
a recent article in the Contemporary Ileview, entitled" Likenesses or 
Philosophical Anatomy," in which he writes in the same way as I did 
of homologies, and shows that luany of these cannot be explained 
by development or by a descent from a common parentage. lIe 
shows that "there are likenesses between different animals and dif- 
ferent parts of the same animal which a theory of common descent 
cannot explain." He specifies instances of lateral, vertical, ana serial 
homology, such as the vertebræ which make up the backbone, all simi- 
lar, and the likeness bctween "the thigh, leg, and foot, of the lower 
limb, eyidently more or less repeating the upper arm, arm, ana hand, 
of the upper limb." I am inclined to argue that there is evidence of 
design in homologies which luay have been produced by descent, as 
when we see the pectorallimh of the horse, the whale, and tbe hircl- 
whet.her fore-leg, paddle, or '''Ting-formec.l on one type, though turned 
to very different uses. All that Owen and Agassiz have sait1 about 
the anticipations and the }1l'ophecies in Nature may be acknowledged 
as truc, even by those who hold that they have Leen produced by 
development. I do believe that these old horse-like forms were prep- 
:trations for the horse now li\.ing. The efficient cause may have 
been development, hut the formal cause (to use Aristotle's phrase) is 
the perfected animal. 'Ve cannot allow this evolution doctrine to 
shear Nature of its grandeurs, nor, we may add, morality of its bind- 
ing oùligations or the universe of its God. 1\11'. l\Iivart concludes: 
" The teaching of what we be1ieve to be true philosophy is that the 
types 
hadowed forth to our intellects by material existences are co- 
pies of di \.ine original!', and correspond to prototypal ideas in GO(1." 
I close this article with remarking that these views bring K ature 
and rcvp!ation, geology and genesis, into harmony. 
The Rook of God begins at the beginning-with Genesis, the gen- 
ei'ation of all things. Science does not seem to tell ns of a beginning. 
The Bible opens; "In the beginning God created the llf'avens and 
the earth." It tells ns that thel'e were an order and a })rogre
sion in 
the generation of our world. First, there is an original creation. 
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Then the earth is "without fonn," without the orùer which it subse- 
quently assumed; and "void," tbat. is, without inhabitant. Light 
appears, and an alternation of day and night. There is a sepm.ation 
of the lighter mattcr from the grosser, of the aërial expanse from tbe 
earth proper. Tllen a separation of the sea from the laud. Life now 
appears, and we have grass and trees. As yet the sun anù moon have 
not appeared as formed bodies. K ow, on the fourth day, they might 
be seen, and become dividers of times and regulators of seasons. All 
this is in accordance with science, which says that the earth is older 
than the sun; that the earth was formed out of an original matter 
and that there nlust have been ligbt before the sun was condensed 
into its present form. Animals now appear first in the waters, 
warlll- 
ing creatures andtfishes, then reptiles and birds. On the sixth day 
we have animals-herbivorous and carnivorous. }""inally, we have 
man. All this is very much the same order as is disclosed in geology, 
and was written therc in that volume three thousand years before 
geology made its discoveries. 
But we are most concerned with what, after all, is the most im- 
pOl"taut to us, and that is the creation of man. There is a twofold 
record, the parts not contradictory but suvplementary tbe one of the 
other. Chapter ii. 7: "And the Lord God formed man of the dust 
of the grouud, aua breath cd into his nostrils the breath of life, and 
he became a living sou!." This is expanded in a passage full of mean- 
ing: Psalm cxxxix. 15, " )Iy substance was not hid from thee when 
I was made in secret and curiously wrought in the lowe::-:t parts of the 
earth," seeming to indicate a })l"ocess and a preparation; "thinG eyes 
did see my substance being yet imperfect, and in thy book all my 
memhers were written while yet thcre was none of them." buch is 
the one side, the animal side. But then we have the other side, chap- 
ter i. 26: "Aud God said, Let us make man in our imagp, after our 
im:tge, after our likeness. So God created man in his own image, in 
the image of God created he them." All this corresponds to our ex- 
perience. We feel that we have an animal part cleaving to the dust, 
and allying us to the brutes. But we feel also that we have a divine 
nature, a power of distinguishing between good ana evil, a loÙging 
for somethin cr hicrher a seekino- after God. The Bible tells , thirdl y, 
I::) 
, I::) 
that this imacre of God has been defaced. These truths have been 
b 
combined in an eloquent passage by the profound Pascal: "The great- 
ness and the misery of man being alike conspicuous, religion, in order 
to be true, must necessarily teach us that he has in himself some noble 
principles of greatness, and at the same time some profound source of 
misery. . . . The philosophers never furnish men with sentinwnts 
uit- 
ahle to these two states. They inculcated a notion either of absolute 
granrlenr or of hopeless degradation, neither of which is the true con- 
dition of man. . . . So manifest is it that we were once in a state of 
perfection from which we are now unhappily fallen. It is astonishing 
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that the mystery which is farthest removed from our knowledge-I 
mean the translllÏssion of original sin-sbould be that without which 
we can have no true knowledge of ourselves. It is in this abyss that 
the clew to our condition takes its turnings and windings, insomuch 
that man is more incomprehensible without this mystel'Y than this 
mystery is incomprehensible to man." 


. , .. 


SICETOII OF DR. ARNOTT. 


A 1\lONG the agencies for the diffusion of the kno,vledge of phy
- 
ics and the taste for its study in the past generation, few were 
more effective and successful thall "The Elements of Physics," a 
treatise for schools, by the author whose portrait will Le found in the 
present number of the l\lOYTIILY. It was a work in many respects of 
peculiar and remarkable excellence, from the felicitous treatnlent of 
the subject, the fullness and aptness of illustration, the pleasant and 
attractive style, and what may be called thc })racticalness of the 
book, or the prominence it gave to the exposition of familiar phe- 
nomena. .Many students of ùoth sexes in onr higher schools received 
a bent in the direction of scientific study from the use of this text- 
book, which lasted through life; and, as a new edition of the volume 
is about to appear, bronght up to the time by judicious and able 
editors, there are many who would like to kno'",- something about the 
personal character and life of the author. 
NEIL ARXOTT was born on the 15th of )Iay, 1788, at Arbroath, in 
Scotland. On his father's side he was descended from a Lowland 
family, and his mother was the daughter of a IIigl)bnd clan. His 
youth was passed at Dysart., near )lontrose. At the age of ten 1)8 
became a pupil in the Aùerdeen Grammar-School, where he remained 
the next three years. 
In consequence of having been successful at the Bursary compe- 
tition at 3Iarischal College, in 1801, he became a student there, and 
completed the regular conrse, obtaining the degree of 1\1. A. in his 
seventeenth year. It was during his third year in college, under tbe 
admirable instruction of Prof. Copland, that his mind was directed to 
natural philosophy, which henceforth became his favorite study. lIe 
chose medicine as his l)l'ofession, and went through the medical course 
at 
\beràeen. For the purpose of completing his studies, he went to 
London in 1806, and became a pupil in St. George's IIo
pital, under 
Sir Everan1 Home. Through the influence of the latter, he was ap- 
pointed surgeon in the East India Company, where he gained 1'alu- 
able experience for his after-work. IIaving settled in London in 1811, 
he not only obtained lal'ge success as a medical practitioner, but at the 
same time was collecting matprials for his future work on "Physics." 
In 1815 he was appointed physician to the French embassy, and after- 
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ward to the Spanish emhassy. In 183ü he became a memùer of the 
Senate in the newly-founded Cniversity of London in 1837, one of 
the physicians extraordinary to the queen, and in 1838 a member of 
the Hoyal Society, and sub::;equently of tbe Geological Society. 
Dr. Arnott gave two courses of lectures at different times on the 
relation of natural philoSOIJhy to medicine. These were afterward 
embudied in Lis" Physics." In 1837 appeared his well-knuwn ., Essay 
on 'Varming and ,r entilation," and, by the }Hactical application of 
the theories contained in it, there resulted the stoves and yentilators 
which bear his name. For these and other intentions, including the 
water-bed, he obtained from the Royal Society the Uumford llipdal. 
On account of the assistance which he rendered to the practice of 
medicine, and to the general puhlic health, he received, at the I
aris 
Exposition in 1855, a gold medal, added to which by the emperor 
was the cross of the Legion of IIonor. During his connection with 
tbe General Board of Health, he devoted much of his time to the 
subjects relating either directly or indirectly to hygiene. K ot only 
here, but during his whole life, he had exercised and used his observ- 
ing powers, so that each new experience added to his valuable stock 
of facts, which bore especially npon natural philosophy. 
:Many traits of his character made him a social favorite, and his 
interest in society at large has justly caused him to be ranked among 
the chief promoters of human welfare. All his actions were char- 
acterized in a remarkable dégree by unselfishness. lIe used none 
of his inventions in his own interest, and refused to ha ye them pat- 
ented, in order that their usefulness nÚght be more wide-spread. As 
Prof. Rain, one of the editors of his" Elements," remarks: L'Through- 
out his life, and by his various inventions and publications, Dr. K eil 
Arnott manifested a purely philanthropic desire to extend to others 
the benefits of that knowledge which, from his boyhood upward, he 
had acquired by long and patient observation. His earnest wish was 
to make the path of learning easy to all. 'Ye have now before us a 
copy of 'The Elements of Physics' as it first appeared in 1827. 
'Yithin five years of its puLlication, fiye large editions of the work 
were calleel for, and, although not then complete, it was translated 
into several foreign languages. It is not too much to Eay of this and 
his other works that the learned and the unlearned, the student and the 
philosopher, have equally benefited by his labors." In addition to 
his general benevolence referred to above, he strove to promote the 
advancement of ph)
8ical science by endowing scholarl'hip
 in the 
universities and public S('110018. In 18û9 he gave $10,000 to the Lni- 
versity of London, and $5,000 each to the uniyersities of Aberdeen, 
Edinburgh, Glasgow, and St. Andre"s. Not having accol1lp1i
hed a 
design expressed hy him of leaving $5,000 to each of the four Scotch 
uni\
ersities, his widow has carrietl out his 1,13ns since his death. lIe 
died on the 2d of 1Iarch, 1874. 
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CORRESPONDENCE. 


GETTING RIG lIT ON TIlE RECORD. 
To tlte Editor of the Popula'l' ScienCð Monthly. 
D EAR SIR: It has always been a mat- 
ter of surprise to me that some of 
my contributions to botanical science should 
be regarded as attacks 011 the doctrines of 
Darwin, or as opposed to theories of evolu- 
tion. .At the conclusion of the reading of 
my papers it is often a subject of argument 
on which side I stand. So great is this ner- 
vousness, that at Buffalo, because I showed 
that the ova-pollen of It yucca-flower was as 
potent as any that could be brought from 
another flower by an insect, I had to endure 
a sharp lecture from Prof. Riley, and even 
Prof. )[orse could only help me with the au- 
dience by remarking, "\V e an know that 
Mr. Meclum is a Darwinian and an evolu- 
tionist, but must say that he has an odd 
way of putting it." That my good friend 
docs not regard me as much of either is, 
however, clear, from his making no refer- 
ence to any of my labors in his "History 
of Evolution." 
For my own part I have not cared to be 
classed nominally with any party in science, 
but to let the facts I record speak for them- 
selves. My ambition has been to be con- 
sidered a worker in the field of original ob. 
servation and research, and, if I know my- 
self, am indifferent whether the facts help 
my own or any other person's bcliefs or 
theories. Still, even an observer must have 
some idea of the bearing of what he sees 
on evolution and Dal'winism, if he think at 
all about these things. I have thought it 
would do no harm if for once I entered the 
speculative field and put my own interpreta- 
tion on the facts as I have recorded them. 
Instead of opposing evolution, I t.hink 
my Hartford papel' was a contribution to its 
cause. I not only showed that in plants 
there is an evolution of form by slow and 
gradual modifications through long series 
of years, but also tbat evolution is often by 
sudden leaps, and that these sudden en- 
trances were just as permanent, when the 
agents in natural selection favored, as any 


new form gradually evolved could be. I 
also showed the probability of whole dis- 
tricts changing by the operation of some 
inherent law, which would make the doc- 
trine of evolution possible to those who 
can hardly believe every individual in a 
species came from one primordial form, 
one exact mathematical centre. Of course, 
so wide a generalization eould not, ought 
not, to rest on so small a number of facts; 
IJut surely anyone can see that if there 
be, and have been through all ages, change 
by sudden introduetions as well as by slow 
modifications, there is no use in hunting in 
all cases fOl' " missing links" that never ex- 
isted; and I Lave found a plank on whieh 
Agassiz and his friends might have stood 
with Darwin; and I could render no better 
service to evolutionary views. 
So in reference to cross-fertilization by 
insect agency, I regard myself as saving 
Darwinians fl'om themselves. By cutting 
out a rotten branch the tree is made health- 
ier, and the possibility of a fall prevented 
to th')se who might crawl out on it. To my 
mind, there is nothing more opposed to the 
idea of natural selection than the modern 
doctrines in relation to insects and fertÏ1iza- 
tion. Supposing that, in accordance with 
the inherent tendency to variation, a new 
form-a Ûight change-occurs that ren- 
ders the plant better fitted to engage in the 
" struggle fol' life" than its parent, and that 
it is unable to make use of its own ponen, 
hut must have pollen by insect agency {I'om 
some other flower. The advantage it has 
gained is at once lost, as the crossed prog- 
eny of course is brought back to near its 
grandparent, and these again crossed with 
the foreign pollen are again reduced, till 
in the course of a few generations the va- 
riety is near enough to be the same. The 
effect of continual adding of water to milk 
is well known. In the supposed case of 
our plant, it becomes ,: watered stuck" with 
a vengeance. If the new form could have 
the power of reproducing itself exactly, aDd 
thus continue to fix a habit, as we can un. 
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derstand it might do in using its onn pol- . for the spring insect to bring them foreign 
len, "e can see how "natural selection" pollen. 'Ve can readily understand. that if 
could use" variation" to aùvantag0. The a flower is diseased, the pollen of that flm\ er 
insect only interfercs with the law. acting on itself would. produce diseased off. 
There are some few plants which never spring. Foreign pollen would bring back 
seem to fertilize except by insect or other the health. With the millions of healthy 
aid. In a large number of these cases their flowers reproducing, the on(' flower diseased 
own pollen is just as good as foreign pollen. seems but trifling; but even so the insects 
In a few instances foreign pollen alone can carry bad pollen to good flowers, as 
seems to be potent. 'fhy must we believe, well as brin
 
ood ponen to diseased. ones. 
in this latter case, that it is becausc thcir Only that I have heard the argument from 
own pollen is designed to be inferior, in 01'- the highest in scientific standin
, it "ould 
"del' that foreign pollen may be brought to seem too puel'i1e to mention here. 
it? There may be many other rcasons. Without going further into detail, I may 
At any rate, the creed presented to us is Bay that, as a matter of opinion, the ob:.er- 
inconsistent with a full idea of natural se- vations I have placed on record aid evolu- 
lection. The survival of the fittest will be tionary views III some of their weakest 
most assured by an abundance of resources. points, while I am really saving the doc- 
The little chickweed which flowers and trines of the survival of the fittest and of 
seeds with the thermometer at 3;>0, and the natural selection from injuries dealt out tu 
common erophila. at 40 0 , are much" fitter" them in the house of their friends. 
to fight their way through the world in the THOMAS MEEll.AX. 
wonderful wa.y they do than if they waited GERMANTOW
, P A. , &ptember 28 , 1876. 
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PROFESSOR HUXLEY'S LECT
TRES. 
P ROF. HUXLEY arrived in this 
country tired out from prolonged 
overwork, and greatly needing rest. 
lIe did not wish to speak in public, but 
could not escape it. lIe went to N ash- 
ville to visit a sister whom he IUHl not 
seen in thirty years, and, being strongly 
urged to make a public address there, 
he reluctantly consented, and spoke to 
a large concourse on an excessively hot 
day. The effort prostrated him, and 
his voice was so strained that he did 
not recover his usual vocal power while 
he remained with us. lIe had not ex- 
pected to make a formal public òis- 
course at Baltimore, and therefore had 
to prepare one while here. His vaca- 
tion thus turned out to be anything but 
a season of repose and recuperation, 
and be gave his lectures in New York 
under the triple disadvantage of not 
being up to his usual vigor, of a seri- 
ous impairment of voice, and of having 
to prepare them as he went along-for 
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the plan of the discussion was new, finfl 
....\merican materials had to be worked 
up for its purpose. These difficulties 
became serious in dealing- with the 
crowded audiences which attended his 
lectures, many of whom heard him but 
imperfectly. 
lIis lectures were, however, well re- 
ceh-ed by those who heard them. and 
quite as well received by the press as 
we had any reason to expect. That 
objections of all sorts should be rai
cd 
was inevitable; for the doctrine of Evo- 
lution, which 11e advocated, is too re- 
cent, too comprchen::;ive, too scientitic, 
find encounters tuo man) prejudices, to 
be generally or readily accepted merely 
because it is proved. Only a VCQ small 
portion of human opinion is the prod- 
uct of reason. ::5ome thought his treat- 
ment of the subject too elementary, and 
some thou
Lt it too restricted and inad- 
equate, but noboJy df'nicd that it was 
clear, forcihle, and logical. W e mu
t 
aòtl that, in most cases, the pulpit LãS 
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treated Prof. Huxley with courtesy, 
though it could be ,vished that the 
clergy would inform themselves a little 
more thoroughly upon the subject be- 
fore answering him with such perfunc- 
tory promptness. 
In one thing 10th the professors, 
auditors, and the public generally, have 
1een seriously disappointed. They have 
been led to regard Huxley as a man of 
pugnacious temper, a kind of contro- 
versial bully, who is only happy when 
in a fight. And so they expected to 
see some brilliant aggressive work, and 
that Le wuuld "polish off" his adversa- 
ries in the most approved and exciting 
s
yle of polemical pugilism. But Prof. 
Huxley imlulged in nuthing of the kind, 
and so it was murmured round that tile 
lectures were disappointing, and not at 
all up to what was expected from him. 
That is, the man himself, when ob- 
served, and heard, and known, con- 
tradicted the precunceived theory of 
the man. AmI here is the proper place 
tu say that this current theory of Prof. 
Huxley's c1wracter is quite erroneous. 
He hIts been a good deal in controver- 
sy, no doubt, and has often hit hm'd; 
but it is a total mistake to suppose that 
he has ever sought or provoked strife 
because of combative propensities. His 
dominant tastes and inclinations are all, 
on the contrary, for quiet scientific in- 
quiry. Controversy htts, however, been 
thrust upon him. Standing prominent- 
ly as the exponent of a doctrine that 
has been regarded with horror for the 
last tW0nty years by nIl classes, high as 
well as low, he hns been misrepresent- 
ed, and badgered, and vilified. with a 
recklessness that would have aroused 
vigorous resistance and sharp counter- 
strokes in any man of spirit. 
In his opening lecture Prof. }Iuxley 
showed first that Nature, or tIle uni- 
ver
e, has not always been what it is 
now. To minds that seek for causes 
it therefore presents the problem, How 
did it come to be what it is now 
 The 
theoretical solution of tit is problem that 
bas pre,-ail.:J in the past and is still 


widely accepted is, that it was called 
into existence a few thousand J"ears ago 
in much the conùition that we now 
know it. This is the Mosaic theory, in 
its old and popular interpretation. But 
as the Mosaic records have been rein- 
terpreted in rtJcent tim
s, and as the 
question whether or not the doctrine is 
taught there is hotly disputed alllong 
those who defer to Mosaic authority, 
Prof. Huxley did not assume to settle 
the question, and wisely let tIle Mosaic.. 
account alone. Some newspapers were 
indignant at this, and charged him with 
cowarùice and evasion for not pitching 
into Moses. But that was not his busi- 
ness, and if he had done so he would 
have been open to the charge of going 
out of his way to drag in a foreign ques- 
tion, and make an assault upon the 
Christian religion-there is no pleasing 
everybody. But, while keeping clear 
of the Scriptures, he still had to deal 
with the doctrine which has been uni- 
versally believed for centuries to be 
grounded in Scripture authority, and so 
he took it fiS vividly find concrHdy de- 
scribed by a classic Christian poet more 
than two centuries ago. He called it 
the ":Miltonic hypothesis," and read a 
graphic passage from "Paradise Lost" 
describing the way the animal world 
came into existence. Herbert Spencer 
has been soundly belabored by yarious 
critics for calling this view the "car- 
penter theory" of creation, but the 
great Christian poet certainly lends his 
authority to tbis interpretation of the 
case. He describes the creative work 
with great literalness ns it mechanical 
operation, in the following lines: 
". . . . In his hand 
He took the golden compasses, prepared 
In God's eternal store, to circumscribe 
This universe, and fill created thingi' : 
One foot he centred, and the other turned 
Round through the vast profundit:r obscure. 
Anù said, 'Thus far extend, thus far th:" 
bounds, 
This be thy just circumference 0 world.' " 
But further comment is unneee"sary, 
as the reader will find the fu}] lecturè 
in our pages. 
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TEE I/EL
GATE EXPLOSIO
V. hornblem1o gneiss, with veins of pure 
TilE series of operations which re- quartz, and lies in strata of vadous de- 
suItcd in the blowing up of the great grees of inclination. The plan of ol'cra- 
rocky reef at Hallett's Point on Sun- tiuns was to build a coffer-ùam on the 
day, SepttJlIlber 24th, must be regarded rock near the !::!hore to bar out the 
as the most brilliant piece of scientific water, to sink a shtlft to the requbite 
engineering that has yet been aCCOIl1- tlepth, to honey-comb the wLule rocky 
plished. General Newton formed his mass by excavation, and then to blow 
plans, and entered upon the work in up the shell by charges of dynamite in 
July, 186D. For over seven years he has the roof and 
upporting columns, to be 
been preparing for a grand experiment fired by the agency of galvanic bnt- 
to occupy but a few secon
$, and so ac- teries. The shaft was sunk to a depth 
curately did he calculate, and 80 com- , of 33 feet below the line of low water, 
plete was his command of the irresisti- anti ten tunnels were then opened to 
ble forces to be called into action, that distances varying fwm 31 to 12G feet. 
the experiment proved completely suc- The cubic contents of the rocky Il1as
, 
cessfnl, and affords an impressive illus- above the depth of 26 feet, flt mean low 
tration of the prophetic power that is water, amounted to 51,000 yards. The 
conferretl by a know lctlge of the ele- tunnels radiating from the shaft varied 
ments and forces of Nature. It was from 7 to 22 feet in height, and from 
the physicists and chemists who long 9 to 12 feet in width, anti, as they ad- 
ago worked quietly and obscurely in ,anced, the height rapidly decreased, 
their laboratories, with little reference owing to the downward slope of the 
to practical ends, and animated only by surface of the reef. As the main tUIl- 
the desire to acquaint themselves with nels diverp:ed from each other, sub- 
the laws of the natural world, tbat sidiary tunnels were introduced, and a 
paved the way for the great engineer system of transverse galleries was ex- 
to do this important service for the in- ca.vated (as shown in the figure), and 
terests of New York and the commerce which left 172 supporting pill:lfs of 
of the world. variable dimensions. The tûtallength 
The reef at Hallett's Point, which of tunnels was 4,837 feet, and the lengtll 
has formed such a danO'erous obstruc
 of galleries 2,568 feet, making the en- 
tion in the Hell-Gate ch
nnel as greatly tire length of passage excavated 7,42.3 
to hinder navigation through Long 151- feet. The excavations being completed, 
and Sound, was of an irregular crescent so that the roof of rock abO\-e was re- 
shape (as shown in the figure), some duced to a thick
ess of from 8 to .16 
feet, the preparatIOn for the C:\.plusIOn 
began by tlrilling tbe rock for the 
-' I cllarges. The whole number of blast- 
, ,', I holes drilled in
o the roof find piers 
-1 - ...... was 4,427, varymg from 7 to 10 feet 
";: in depth, and from 2 to 3 inches in di- 
.___-' _ 

 
 ..... . amcter. E:ICh one of the:o'e holcs was 
.? _ 
. 
 \ #
 charged with three kinùs of explusi\'cs, 

 y all compounds of nitro-glycerine, viz., 
. BHAPT dynnmite, rendrock, find \'ulctln-powder, 
, 
".c
 
 '
' - U'", in separatù cartridges or canisters. 
//,--' 
:.,r'",,_.\
.,.,.,. 
ifty thousand 
onll<.
s of tllese ('xplo- 
.... .- 
 II 
 ',\ I Sives were burleù m the npertnr
'. 
700 feet long, and extending out 300 I Kiriety-six gnlyanic batteric:-:, of ten 
feet into the channel, with an area of I cells eaell, were empluyed to ignite the 
about three acres. The rock is a tough, charges. The firing-point was G50 
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yards from the shaft, and the amount 
of leading antl connecting wire used to 
bring all the charges into relation with 
the batteries was 220,000 feet. The 
charges in the different hol
s of the 
same pier were connected so as to ex- 
plode simultaneously, but a fuse com- 
posed of a quick explosive was used 
to connect the system of charges in 
each pier with those of the neighbor- 
ing piers. In this way the electric 
spark, taking effect in a few centres, 
the ignition was propagated through 
the whole system, as the explosion of 
the connecting fuse would advance 
more rapidly than the destruction of 
the rock. The several thousand charges 
in the mine were connected in 23 
groups, each with 160 fuses, and these 
were acted upon simultaneously by 23 
groups of batteries. These were ingen- 
iously connected in a mechanical ar- 
rangement so simple and perfect that 
a child could operate it, and the whole 
stupendous force that slumbered in the 
charges was actually released by the 
touch of a little daughter of Ge:v.eral 
Newton, two years and a half old. The 
explosion was accompanied by no very 
stunning effects to eye or ear, and the 
demonstration was so moderate as to 
produce great disappointment in the 
multitudes who assembled to witness 
it. There was a succession of shocks, 
lasting a few seconds, with no great 
noise, a mass of water and débris of tbe 
coffer-dam thrown into the air, and 
the great reef was shattered and de- 
molished. Long experience in blast- 
ing, and the close adaptation of explo- 
sive material to the work done, had 
enabled General Newton to graduate 
the amount of power to be developed 
to the total result; and so accurate was 
this adjustment that the explosives 
spent themselves in breaking up the 
reef, and no power was left to topple 
down the houses in the vicinity. Ex- 
aminations thus far show that the great 
blast wns most effectual, although con- 
siderable time and much labor will 


probably be required to clear away the 
broken masses of rock, and gain the full 
benefits aimed at by the enterprise. 


DR. DRAPER'S BOOK AT RO.JIE. 
TIIAT extensive division of the Chris- 
tian Churcb which has its beadquarters 
at Rome has claimed and exercised for 
more than 300 years the right of de- 
ciding what books its members shall 
be allowed to read. This power resides 
in a body of cardinals, designated by 
the Pope, who issue nn "Index" of 
books containing a twofold catalogue, 
one of which is of works absolutely 
prohibited, and the other of works that 
are prohibited only until they are ex- 
purgated, or so corrected by their au- 
thors as to be acceptable to the Church 
authorities. The first papal "Index" 
was published in 1549, by Pope Paul 
IV. It was made a part of the work 
of the Inquisition, and this bOlly had 
charge of it until 1586, when a special 
commission-" The Congregation of the 
Index" -was created, and bas been 
maintained to the present time. .Among 
the early works prohibited by this con- 
clave were those of Galileo, Coperni- 
, eus, and Kepler; and, among those for- 
bidden in more modern times, were 
Locke's "Essay on the Human U nder- 
standing," and Mill's "Political Econ- 
omy." Dr. Draper's" IIistory of the 
Conflict between Religion and Sci- 
ence" has now the honor of being 
added to the list of celebrated books 
which Catholics cannot read withoutre- 
belling against ecclesiastical authority. 
This institution of the Catholic 
Church is itself the most conspicuous 
example we have of that great" con- 
flict" which Dr. Draper has so vividly 
delineated in his little volume. Its rise 
was coincident with the general awak- 
ening of thought in modern Europe, 
which was manifested on tho one lumd 
in the Protestant Reformation, and, on 
the other, in that independent study of 
Nature by which the sciences have been 
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createl1. The Church took issue with 
tl1Ís spirit of free thought, which it .AS REGARDS BISHOP COXE. 
sought to repress by violence wherever IT is a great misttlke to suppose that 
amI as long as it had the power, and bigotry and intolerance are altogether 
which it still 
eeks to extinguish by the confined to the Vatican j we have ex- 
furce o
 its claim to repre::;ent divine cellent illustrations of this temper much 
authority. It is still as vicegerent of nearer homo. 'Vhile the Pope at Rome 
God npon earth that the Pope inter- is commanding the faithful not to ad- 
poses to stop the circulation of scien- mit Dr. Draper's book into their libra- 
tific books, and continues his warfare ries, BiRhop Coxe, the little pontiff of 
with tlle tendency to independent in- 'Vestern New York, is warning thl! good 
quiry. Christians of Buffalo not to let Prof. 
'Ye cannot but remark how greatly lluxley come into their houses j while 
the papal government mistakes the both potentates put their intolf'rant 
times, and how utterly it fails to re- action on the same ground of divine 
alize the change that has taken place authorization. One would think that 
since the sixteenth century. The time in the nineteenth century, in an en- 
has come when books are not to be lightened American city, in the year 
fo,,.biddcn but ansloered, amI the policy of the nation's centennial, in the midst 
of interdiction by the Vatican author- of a presidential campaign, and at a 
ities is so futile that it becomes nothing large convocation of the scientists of 
short of a blunder. Dr. Draper's vol- tl1Ïs and foreign countries, Buffalo 
ume has been put under ban because it Christians might have been left to 
is pervading aU Europe-two editions their own good sense and good taste 
having been called for even in ultra- to entertain whom they pleased. More- 
Catholic Spain. Publicly thus to mark over, Prof. Huxley was the guest of 
a book for religious outlawry is simply the American Scientific Association, 
to give to it a prodigious advertise- which was itself the guest of the city, 
ment. Where before it had one reader and this should have been sufficient to 
it will now have ten. Men will get it, protect him from insult from such a 
determined to find out for themselves quarter. It is well that the bishop's 
in what its offense consis
s j and women type of Christianity does not prevail 
will do as Eve did-taste simply be- in Buffalo, as, otherwise, the obnoxious 
cause it is a forbidden thing. The only foreigner might llave been left in the 
way to overcome the objectionahle ten- streets to starve. 
dencies of any work is to point them Some of the Buffalo papers, hold- 
out j and the only way to deal with its ing the bishop's utterance in regard to 
arguments is to refute them. To sup- Huxley to .be nothing less tllan a public 
press such books in our time is out of nffront and a disgrace to the town, 
the question; and if, in this special in- made it rather warm for him, and so 
stance, there are among the highly-edu- he has follmvE'd up the original man- 
cated ecclesiastics in Rome none who date by a defense of it in sub!'cquent 
can do this, the inference is that the letters to his organ, "The Orbit." The 
book is unanswerable. 1Ye have, cer- faithful were admunished tu withhold 
tainly, no complaint to make of the their hospitalities from Prof. Huxley, 
course adopted by the theological au- because he is an atheist. The bishop 
thorities at Rome, und must, at any charges him with "scientific atheism" 
rate, give them credit fur consistency; -whatever that may mean-and re
ers 
but they forget that tIle world has to his admonition to hi: flock. 
or "lm- 
changed a good deal since thtJ lnquisi- porting atbei
m into theIr fmmhcs under 
tion was established. I color of science." He also accuses Prof. 
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Huxley of being a "propagator of I because of mere idle rumors and in- 
atheism. " Now, though these charges ferential constructions of Lis writings, 
are launched from the Episcopal throne both of which are contradicted by Lis 
of Western New York, they are never- explicit averments? The Bishop of 
theless not true. Bishop Coxe says, 1V estern New York should migrute to 
"I bear a divine commission." Then Rome, where he properly belongs, at 
he has a divine commission to bear the earliest opportunity. 
false witness. His accusation is simply 
a baseless calumny, and in none of his 
communications does he offer a shadow 
of proof to su bstantiate the charge. 
Prof. Huxley has never avowed him- TALKS ABOGT LABOR, AXD CONCERXU"G THE 
self an atheist, and has never advo- EVOLUTIO
 OF JUSTICE BETWEEX THE 
LABORERS AXD THE CAPITALISTS. Bv 
cated the doctrine, but on the contrary J N L P 1 P . 
. . AR
ED. p. 50. rICe, $1.5Ö. 
he has distinctly condemned it anti D. Appleton & Co.) 1876. 
declareti it to be an absurd doctrine. THIS book is the result of an able effort 
- Bishop Coxe 
ays he is U a propagator to analyze the present relations of capital 
of atheism," but where is the proof? and labor, and to point out the directions 
There are such people as avowed athe- whence future improvement in those rela- 
ists, anti there is a party of them in tions must come. It has not the preten- 
England that lauor:; to propagate the sions of an exhaustive treatise; ncverthe- 
belief. Bradlaugh is one of their chief
, I less it is a study of the whole subject, and 
who boasted that he is the only man reaches to large conclusions. It is con- 
who ever ran for Parliament on the ceded on all siùes that, as between labor- 
issue of being an atheist. Ploof. Hux- ers and capitalists, grave problems have to 
ley has never Lad anytLing to do with be settled before their rc1ations can be ad- 
th O t .1 . . th justcd to the higher notions of justice now 
IS par y, anu IS no more In sympa y. . 
. th . t tl . B . h C If P f pressmg on the mmds of mcn. The meu 
WI 1 Ian IS IS op oxe. ro . . h . I d h . h . h . h 
. Wit capIta, an t ose Wit out It, ut" It 
Huxley has propagated atheIsm, he bTt" fì k t b. t t 
must have done it some time some- ca
a I 1 
es or wor ,mus 
 III cons an 
, cooperatIOn, tbe terms of which are deter- 
where, and somehow, and there must mined by complex facts. The fairness or 
be evidence of it. lIas the bishop any unfairness of these terms bears closely on 
better source of information than other our social1ife, and is an index to the qual- 
people? If not, then he has lent him- ity of our civilization. 'Ve cannot turn 
self to a false accusation. lIe quotes away from them, relying entirely for their 
Scripture copiously in defense of his amelioration on the operation of forees he- 
course, and cites from St. J olm the fol- yond human control. The social philosophy 
lowing pa::.sage: "Many deceivers are imbued with tbe spirit of science tells us 
enterinO" into the world. Look to your- that the institutions of social life develop 
selves 
. . receive them not into your only in obedience to irresistible currents of 
house." But who are the deceivers if educated feeling and opinion. 
t th 1 , . 1 d e I b . ' n I Without stopping to consider this 
no ose W 10 nns err p op e y u - . . . 
tl f I t t t C) TI t t d thorn v question, It mav safely be said that 
tru 1 usa emèn s 
 Ie U mos e- : . - . 
h n . h C k . pl'evallmg mcntal and moral conceptlOns 
fense t at IS op oxe can rua 
e IS ... 
, are a factor of mtense Importance m deter- 
that he ha'i beard Prof. Huxley c
lned minin er the forms of social action and as 
an atheist, or that he iI
fe
s fr?
 his they 
ass from lower to higher 
tate
, a 
boo
s that he holds a
helstlc op
mons ; corresponding improvement occurs in ev- 
but IS a man to be stripped of Ins Char- \ erything upon which they act. "Tith equal 
acter, and loaded with opprobrious epi- safety we may assume that this progress 
thets, and are aU gooù Christians to be I in our conceptions is in no "ay more pro- 
invited to slam their doors in bis face, moted than by that activity of mind which 
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:eks to cOl.nprehend facts, and their rCla- 1 view agencies which must in time affect hUe 
tlOns to etlllcal truths. man character, and modif}" the institutions 
The author of this work, profoundly im- of the present. In addition to this, the 
pressed with the importance of the ques- nature of thosc modifications is foreshad- 
tions he discusses, has devoted himself to owed. 
1hat consideration of his subject which in- To show how dear and strong our au- 
eludes a careful examination of existing thor's position is in respect to social re- 
conditions, with an inquiry into possible forms, it i8 only necessary to glance for a 
changes in the direction of a more complete moment at his conception of the evolution 
justice between capitalists and laborers. of justice in the department of human so- 
lt is a piece of good fortune that the task ciety with "hich he is concerned. After 
has been taken up in this case by a writer analyzing the function of capital, and de- 
free from the eccentricities or narrowness- fining it with rare precision as being 
es which too often beset those who discuss " everything derived and accumulated from 
social questions. The literature on the past labor which enables present labor to 
subject of capital and labor is rapidly in- be employed in any such way that tbe ben- 
creasing, and much of it is open to a com- eficial results from it have to be waited 
mon criticism. The range of view is either for," two other facts of startling import are 
too narrow, the formulæ of political econ- brought into juxtaposition. They are, first, 
omy being accepted as final and complete; that every kind of labor u'hich dOls not 
or we find ourselves at the mercy of a irnmediately produce for the rnan 'who 
being, utterly unscientific in his methods, perforrns it tlte immediate satisfaction oj 
who proposes to set things right by means an immediate want is absolutely dependent 
little better than magic. Into neither mis- upon capital,. and, second, that this corn- 
take has Mr. Larned fallen; for, on the one plex social state u'lLiclt we call civilization 
hand, he has a correct appreciation of the lw,s left no labor to be done by any man 
limits to the laws which the economists that is not of that dependent kind. Here is 
have formulated, and" on the other hand, the dependence of labor upon capital 
his faith rests on means of attaining ends brought home to us by a mere statement 
which the most rigid scientific investigators of facts. Pushing further the analysis of 
of society must commend. 'As conditions the conditions upon which capital and labor 
change, economic science takes note and bargain together, and tbe reality of this de- 
sets about the explanation of the new facts. pendence is intensified. We arc invited to 
The science is a growing one, and to take look at the man of capital and the man of 
its statements to-day as an approval of work in the concrete, in order to realize 
existing forms of industrial life is to ruis- the motives and necessities which to a large 
conceive its nature. As Prof. Cairnes has extent determine their relations to each 
clearly stated the point: other. The capitalist becomes an employer 
"It (economic science) belongs to the class mainly to increase bis means; tbe desire 
of sciences whose work can never be com- of gain is the most powerful motive shaping 
pleted, never, at lcast, so long as human beings his conduct. As a bargainer, he therefore 
cont
nue to progress: for th
 mo
t importa
t occupies a position of comparative inde- 
portIon of the data from which It reasons 18 h d d I b . 
human character and institutions, and every- pendence. The empty- an c a orer IS 
thing consequently which affects that character very differently situated. He must live: 
or those institutions must create new problems the physical wants of himself and family 
for economic science." must be supplied; he bargains with inex- 
The perception of tbis fact leads to an orable needs at his back. Givcn these con- 
appreciation of our author's fundamental ditions, and human naturc not apt to rise 
views. lIe disputes no generally-accepted to high motives, and it is palpable that 
economic conclusions, but gives due weight there is no limit to the possible oppres- 
to factors, at present excluded, which, sion. Xo one claims that capital exercises 
slowly gathering force, will raise new prob- to-day all the advantages of its superior 
lems. He steps out into the broad field of position. The reasons that it does not are 
social inquiry, and seeks to bring into clear found in prevailing moral ideas" hich have 
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hoM enough on societ) to restrain its con- 
duct ill some directions and elevate it in 
others. But these advantages are still, to 
an enormous extent, made use of in the 
division of the products of labor between 
the capitalists and the laborers, and, as a 
l'esult, there is deep injustice in the indus- 
trial world. There has heen some improve- 
ment in the past; the hopeful man sees 
reasons to believe in its continuance. Mr. 
Larned has a large faith: perceiving that 
this improvement hltH sprung from moral 
sources, from the slow working of juster 
ideas into juster conduct, he looks to the 
same sources for the higher progress of the 
future, and has been led to examine our 
institutions, to find out what readjustments 
are necessary. 
Before we can follow an author, who 
has such a position to maintain, into the 
main body of his thesis, we are in self- 
defense bound to assure ourselves that he 
has an adequ:ltc conception of man's moral 
nature, and the working of moral forces. 
If he be defective here, his work must be 
unfruitful. Mr. Larned has spoken plainly 
and at length on the subject, and his views 
are so broad as to inspire a fuU confidence 
in his mental grasp and scientific culture. 
IIis discussion of this point is an excel1ent 
piece of exposition. The whole statement 
is clear and incisive, and there is about it 
that impressiveness which lodges a fact of 
grave import firmly in the mind. It is 
ditficult to select any pOl.tion for quota- 
tion, owing to the logical connection be- 
tween aU its parts. 'Ve merely gi"\"e here 
a conclusion that he arrives at, as it bears 
on what we have to say: "There is this 
order, as I believe, in the development of 
humanity: 1. Toward objective or sensuous 
intelligence; 2. Toward subjective or moral 
intelligence; 3. Toward the disciplining of 
tJle animal man to act in accord with his 
intel1igence. The first of these will always 
he far in advance of the second; the second 
always in advance of the third; and yet the 
first and the second contribute steaùily to 
the last, in which their whole divine pur- 
pose would 'seem to be consummated." 
'Vith this key given us, it is' seen that 
the evolution of that justice which is ulti- 
mately to corl'ect the most glaring iniqui. 
ties in the relations of capitalists and labor- 


eJ's proceeds from the application of the 
accepted principles of morality to the facts 
attending those relations, and the deduc- 
tion therefrom of higher rules of conduct. 
This means that the human mind has to 
pass through a period of moral enlighten- 
ment-a period marked by the extènsion 
of simple notions of right to the relation- 
ships in question. The average intellect 
does not move swiftly of its 0\\ n accord to 
such a task, nor does it incline, by patient 
efforts of its own, to penetrate the dark- 
ness of a deep subject, for guidance to in- 
telligent a.ction. )Iore courageous spirits 
must sift and analyze the material; must 
place by the siùe of the conclusionl:! gath- 
ered together the teachings of the ethical 
systcm which humanity has worked out- 
and to time must be left the slow but in-' 
evitable adjustment of human conduct to 
the dictates of the higher intelligence thus 
spread abroad. The work bcfort' us is an 
attempt to do for its subject what has been 
hinted at as open to the investigator, adding 
to this a brief but suggestive inquiry into 
the changes in the machinery of industrial 
life which will insure to the lahOl'ers a 
larger share in the products of labor. In 
a word, it may be said to be the bringing 
together of the moral and economical 
aspects of the labor
question. A mere 
allusion to some of the various topics 
e
aminf'd i5 all that our f;pace leavcs us. 
The subjects first treated are of a gen- 
eral character, and are taken up to enahle 
the autbor to elaborate tbe theoretic rela- 
tion between capital and labor, deducible 
from primary principles. Unùer this head 
it is sought to roughly but fairly define the 
extent to which the advantages flowing 
from superior faculties may be legitimately 
exerci
cd. Leading out of this theme is the 
allied one of the relative value of the facul- 
ties which contribute to production. If a 
fund is to be shared between the various 
contributors to it, Justice says, Let the pritl- 
ciple of division be based on a comparif;on 
of the u
ed energies and capahilities of the 
contributors. The products of Jabor are 
not divided on this principle noW', and never 
will be until the millennium; but it is the 
ideal standard toward which we.must tewl. 
Thel'e is no justification in reason for the 
giant's share going to one class, as it actual- 
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ly does. 
lr. Lamed is particularly bappy 
in his estimate of the faculties which are 
essential to the acquisition of wealth in the 
business-world. His analysis, too, discloses 
just grounds for raising the estimate usually 
put upon the faculties which produce the 
skillful mechanic, artii'an, clerk, or other 
efficient laborer. The comparison of these 
two sets of faculties dispels the common 
notion that, as agents in the work of pro- 
duction, they are of widely different quality. 
That there is a difference is conceded; that 
capital is entitled to by far the largest 
share of remuneration is also conceded; the 
point is, that it exacts a larger share than 
any equitable principle of divi
ion gives 
to it. 
This plea being made for labor, the 
author's hard work begins in finding a 
way to escape from the economical conclu- 
sion:; about the" wages-fund," in showing 
how that fund may be increased so that 
labor may receive a larger hire, and in 
shaping a practical plan for the accompli:;h- 
ment of the desired end. "
e commend 
this part of .Mr. Lamed's work for the 
strong thought and practical sagacity be- 
hind it. He is clear when he has hard 
knots to untie. The" wages. fund " in the 
hands of an economist has always appalled 
us. The limits to it are sketched as inexo- 
rably determined by conditions out of human 
reach, and the ouly relief open is the rel- 
ative lesscning of the numbers of those 
who share in it. Can anyone wonder at 
men shrinking from the gloom of such a 
belief? Mr. Larned bolds by another and 
more inspiring doctrine. His effort is to 
prove that the enormously increased pro- 
ductiveness of labor, through the operation 
of many canses which he enumcrates, is 
more than sufficicnt to supply the fullest 
meed of legitimate human desires. If it is 
not so now, it is because of unjustifiable 
consumption and other wrongs. Let the 
consumption which grows out of the low 
desire to parade the possession of wealth be 
restrained by the heavy hand of puùlic 
opinion, and let public-debt making be 
kept within certain defined bounds, so that 
this avenue of unproductive capital may be 
practically closed-let this much be done, 
and the result will be that those "ho com- 
mand capital will be driven to devote more 
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and more of it to renewed production. To 
such means does the author look for the 
increase of the fund out of "hich labor is 
paid. We have only indicated the drift of 
the argument. 
The practical plan, advocated tentatively 
by the author, is a system of dividends to 
labor, the basis of which is given at some 
length. Other plans are subjected to criti- 
cism, and their defects pointed out. The 
system of some sort of a partnership be- 
tween capitalists and laùorers oùviates 
many of these defects, but is not "ithout 
its attendant difficulties. }Ir. Lamed has 
given cogent reasons for his preference, 
and we hope they will be given the con- 
sideration they deserve. lIis vipws are so 
opposed to everything that i:,; vi
ionary, and 
are kept in such a close relationship to the 
facts, that his critics will find him 110 rut"an 
antagonist. 
"r e had marked for comment other 
points in this original and inter

ting book, 
which we have DO space for. What has 
been said faUs short of doing the author 
justice. Indeed, this book is so compacted, 
and so brimful of suggestive lines of in- 
quiry, that no summary of it can be ade- 
quate. It is a calm prest:'ntation of a dif- 
ficult subject, and the temper of its conclu. 
sions will give it weight in the solution of 
pending prohlems. It has a rui
sion which 
it is bound to serve worthily. The task 
the author unpretentiously set himself has 
heen well done, and to other merits must 
be added that of literary excellence. The 
matter is presented in the shape of a series 
of conversations, and they are conducted 
with a skill whieh provokes a sharp inter- 
est in the discus:5ions from beginning to 
end. The argument is carried on logieally; 
each proposition is fo:epllrated and clearly 
put. Those who take up the Look will lo
e 
little titlle in finishing it, and they will find 
in its pages much good and substantial 
thought. 


CORRECTlON.-It was erroneou.;:ly 
tated 
last month in the review of the "
cientific 
Basis of Faith" that the book" is an at- 
tempt to harmoni7e Scripture" ith science." 
The reading should he "it is not an at- 
tempt," etc., conveying just the oppo
itc 
meaning. 
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Supplement to the Glat'Ïal Theory.-At 
the Buffalo meeting of the American .Asso- 
ciation Prof. W. C. Kerr, State Geologist of 
Korth Carolina, read a paper accounting for 
the presence and characteristics of the drift 
or unstratified superficial deposits of 
orth 
Caro1ina, which cannot be attributcd to 
glacial action or the action of water, and 
which bas hitherto presented a somewhat 
puzzling problem to 
eologists. He con- 
siders it to be the result of land-slides, or, 
as he terms them, earth - glaciers, formed 
from tbe detriius of the stratified rocks of 
thc foot-hills mixed with water-the lDass 
throughout its whole depth., o
 from fifteen 
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to thirty feet, b
ing penetrated by the 
frosts of the glacial epoch, and subject to 
the same laws of action as real glaciers. 
The course of the fragments of differ- 
ent strata, as Ehales, quartz-veins, etc., can 
be traced down the slopes, showing unmis- 
takably the mode of action; and the distri- 
bution of bowlders and of gold throughout 
this drift, though otherwise inexplicable, is 
readily accounted for by this hypothesis. 


A Note 011 tbe Radiometer, by Prof. T. C. 
:llendenhall, of Columbus, Ohio, explained 
his method of illuminating this instru- 
ment for the purpose of projecting an en- 
larged image of the arms Or fans upon a 
screen. 
The radiometer being suspended ver- 
tically, a beam of light is reflected upward 
through it, and made to fall upon a mirror 
above, which, with the aid of a projecting 
lens, produces the image of the movable 
fans upon the screen. As the beam of 
light produces no motion when striking 
these fans edgewise, the mo:;t delicate ex- 
periments can be made, and their effects 
seen, without any disturbance caused by th.e 
light used in projection. 


On tooling the .\ir of Bnildings dur- 
Ing Hot Weatber, by Prof. Simon New- 
comb, was a valuable paper, which was 
practical enough to satisfy those who de- 
mand that the value of ull scientific labors 
shall be tried by the test of utility. The 
failure of the many plans which have been 
suggested for cooling buildings in summer 
has arisen from overlooking the fact that 
the human body is a "wet-bulb thermome- 
ter," and that the air needs not alone to 
be cooled, but to be brought to a condition 
which will allow speedy evaporation, and 
that, therefore, contrivances for simply 
cooli
 the air have not resulted in a de- 
gree of comfort at all commensurate with 
their trouble and expense. 'Ve have but 
to remember the discomfort of a moist, 
"muggy" day, even when the mercury 
marks a moderately low temperature, to 
see that the air needs not only to be cooled, 
but to be dried. It will not answer to dry 
the air by chemical absorption, as by sul- 
phuric acid or lime, on account of the heat 
of the chemical union. 
VOL. x.-8 
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The only satisfactory way to remove 
the moisture is by condensation and d('po- 
sition, and for the purpOSf' of doing this 
effectually and economically Prof. K ew- 
comb suggests an apparatus. lIe proposes, 
by passing the ordinary air of a summcr 
day throu
h an ice-chest, to reduce it to a 
point far below the de\\<-point-or say 35 0 
Fahr. Thence it should be passed thr
ugh . 
a very large tin tube on its \\<ay to the out. 
side air. Inclosing this cold-
ir tube, is to 
be another, still larger, through which warm 
air from the apartments is to be forceù; 
the two streams passing in opposite direc- 
tions, the readily conducting substance of 
the tubes facilitating the vigorous efforts 
o
 the hot and cold currents to reach an 
equilibrium, the moisture being, meantime, 
rapidly deposited on the large condensing 
surfaces of the tubes. The outlets of the 
tubes are to be together, and the resulting 
mixture would Le a volume of dry air at a 
comparatively low temperature. It
 for 
example, the air in pa!'sing through the ice- 
box was reduced to 35 0 , while the air ad- 
mitted to the outer tubes was at 95 0 , the 
result would be a mixture of dry air at 
about 71)0, which, if mingled in considerable 
volume with the ordinary air of a room on 
a hot summer day, would be greatly condu- 
cive to comfort. The greatest value of 
Prof. K ewcomb's suggestion is in utilizing 
the cold air on its passage for the purpose 
of condensing moisture. .As to the quan- 
tity of ice needed to cool a given space, 
Prof. Newcomb was not prepared to give 
any exact figures, although he had made 
some estimates. He thought, however, 
that, at the price of ice in Washington, the 
cost of cooling the Capitol would be forty 
or fifty dollars per day. 


Some Xew Points regl1rding the Tongne 
of the PieRs \ìridl" (green woudpecker) 
was the title of a brief paper by Dr. Joshua 
Lindahl, of Sweden, in which he pointed 
out some errors in the common descrip- 
tions of the remarkable extension uf the 
hyoid bones over the skull, which. 'char- 
acterizes the woodpecker family. Raving 
occasion to dissect the head of the green 
woodpecker of Sweden, he oLsen'ed that 
the elongations of the posterior cornua of 
the hyoids, instead of passing symmetrical- 
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ly over the skull and terminating at the 
posterior end of the bill, as usually depict- 
ed in the text-books, were both carried to 
the right of the median line of the skull, 
and extended along the right side of the 
upper mandible, nearly or quite to its tip. 
Subsequent examination of numerous speci- 
mens showed this to be an accidental vari- 
ation, but characteristic of the genus. A 
few of the black and pied species were ex- 
amined, showing the. same lack of symme- 
try, and differing only in tbe horns or mus- 
cles terminating at the base of the bilL 
Dr. Lindahl offered no explanation of these 
peculiarities, but called attention to the fact 
that the food of the green species varied 
considerably from that of the others, being 
sought deeper in the trees, and hoped that 
ornithologists and entomologists would con- 
sider the points of sufficient interest to 
seek their explanation. In the brief dis- 
cussion which followed, the asymmetry of 
position and the extension of the muscles to 
the end of the mandible were spoken of as 
of interest, and as being new to ornitholo- 
gists. 'Vhile it is always important that er- 
rors in our text-books should be pointed out 
and correcteJ, the assumption that the facts 
are wholly new would scem to be somewhat 
hasty. 
In this conncction it may be sufficient 
to point out that Huxley (" Anatomy of 
Vertebrated Animals") says: "The free 
ends (of the posterior cornu:l) are inserted 
between the ascending and maxillary pro- 
cesses of the right pre-maxilla." In the 
"American Cyclopædia," the point of at- 
tachment is stated to be "usuaily near the 
opening of the right nostril;" while 'ViI- 
son, writin
 early in the century, describes 
them as follows: h The os hyoides is di- 
vided into two branches that pass, one on 
each side of the neck, to the hind-head, 
where they unite, and run up along the 
..,kull in a groove; desccnd into the upper 
mandible by the right side of the right 
nostril, and reach to within half an inch 
of the point of the bill, to which they are 
attached by another extremely elas.tic mem- 
brane. In some species these cartilagi- 
nous sub5tances reach only to the top of 
the cranium; in others they reach to the 
nostril; and in one species they are wound 
around the bone of the right eye, which 


projects considerably more than the left 
for their accommodation." 


Bartlett's Ozone-Generator.-An appa- 
ratus for the generation of ozone was ex- 
hibited to the Association by the inventor, 
Dr. F. 'V. Bartlett, of Buffalo. 
The machine is divided into three parts, 
each having a share in the process. The 
base, or generator, is a glass vessel eight 
inches high, with a projecting rim at either 
end; the interior space, four and a half 
inches in diameter, being divided into eight 
compartments by projections from the in- 
ner wall, extending one and a quarter inch 
toward the centre. This unoccupied cen- 
tre has a movable cylinder which, when in 
position, completes the walls of the sepa- 
rate cavities. In each of these a tablet of 
phosphorus, one by two inches, and one- 
eighth of an inch thick, is suspended in 
water by a fusible wire-the fusible wire 
being used so that in cases of ignition, 
which sometimes occurs, the phosphorus 
may ùe completdy submerged and the 
flame extinguished. Resting upon the 
base is a conical cylinder, eight inches 
high, and with a diameter at the top of 
five inches, composed of double walls of 
wire-cloth, between which lies some po- 
rous material saturated with a strong alka. 
line solution. This presents an effectual 
bar to the passage of phosphoric acids, 
while it permits the free transit of the 
ozone. Above this eliminating-chamber is 
a second glass cylinder about eight inches 
in height, with an aperture at the top 
through which pas8es a glass rod carrying 
a plunger for displacing the water in the 
base, and by means of which the tablets of 
phosphorus may be raised or lowered. The 
space thus provided above the phosphorus 
is about eighteen inches, and is considered 
by the inventor indispensable to the full 
utilization of the phosphoric vapor in the 
production of ozone. 
In its present form the machine is em- 
ployed chiefly for disinfecting purposes, and 
performs such work not only thoroughly 
but very cheaply. For ozonizing the at- 
mosphere of a house, the slow oxidation of 
100 to 150 grains of phosphorus daily will 
suffice. It is entirely manageable and with. 
out any disagreeable odor. 
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Dr. Bartlett cI:>.ims that ozone possesses 
very important curative properties, has em- 
ployed it successfully in numerous cases 
of asthma, hay-fever, typhoid fever, scar- 
latina, diphtheria, puerperal fever, erysipe- 
las, etc. He predicts 1hat its introduc- 
tion will work great changes in the medical 
treatment of zymotic or malarial diseases. 
'Vhile making due allowanée for the enthu- 
siasm of an inventor, it must be admitted 
that Dr. Bartlett has produced a machine 
which does well the work for which it was 
intended. 


Sdente In the rnlted States.-Sir'ViI- 
liam Thomson, in the presidential address 
to the Physical Section of the British As- 
sociation, spoke as follows of the work of 
some of our American scientific men: 
"I wish I could speak to you of the veteran 
Henry, generous rival of Faraday in electro- 
magnetic discovery; of Peirce, the founder of 
high mathematics in America; of Bacbe, and 
of the splendid heritage he has left to America 
and to the wor1d in the United States CoaE't 
Survey; of the great school of astronomers 
which followed-Newton, Newcomb, Wat!wn, 
Young, Alvan Clark, Rutherfurd, Draper, father 
aod son; of Commander Belknap and his great 
exploration of the Pacific depths by piano-forte 
wire with imperfect apparatus supplied from 
Glasgow, out of which he forced a succees in 
his own way; and of Captain Sigsbee, who fol- 
lowed with Jike fervor and resolution, and made 
further improvements in the apparatus by which 
he has done marvels of easy, quick, and sure 
deep-sea sounding in his little surveying-ship 
Blake; and of the admirable official E'pirit which 
makes such men and such doings possible in the 
United States naval service. I would like to 
tell you, too, of my reasons for confiaentJy ex- 
pecting that American hydrography will soon 
supply the data from tidal observations, long 
ago asked of onr own Government in vain by a 
committee of the British Association, by which 
the amount of the earth's elastic yielding to the 
distorting influer:ce of "un and moon wiII be 
measured; and of my strong hope that the Com- 
pass Dephrtment of the American Navy will 
repay the debt to France, England, and Ger- 
many, so appreciatively acknowledged in their 
reprint of the works of Poisson, Airy, Archi- 
bald Smith, Evans, and the Liverpool Compass 
Committee, by giving in return a fresh marine 
survey of terrestrial magnetism to supply the 
navigator with data for correcting his compass 
without sights of sun or stars. I should ten 
you also of 'Old Prob's' weather-warnings, 
which cost the nation $250,000 a year, money 
well spent, say the Western farmers, and not 
they alone; in this the whole people of the 
United States are agreed; and though Demo- 
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crats or Republicåns playing the · economical 
ticket' may for half a session stop the appro- 
priations for even the United States Coast Sur- 
vey, no one would for a moment think of starv- 
ing · OJd Prob;' and now that 80 per cent. of 
bis probabilities have proved true, and General 
1tlyer has for a month back ceased to call bis 
daily forecasts · probabilities,' and haa begun 
to call them · indications,' what will the West- 
ern farmers call him tbis time next year 1" 


The Frenth .\ssodation.-The fifth ses- 
sion of the French Association for the 
Advancement of Science was opened at 
Clermont-Ferrand, on the 18th of August. 
In the opening address, the president, M. J. 
Dumas, sketched the history of the British 
Association, pointing out the great services 
rendered by that body in popularizing 
science. Similar results are to be expected 
from the French Association. Of the place 
occupied by science in modern life, he 
said: "Natural science is no longer con- 
tent with the contemplative attitude which 
sufficed for Newton and Laplace. Science 
is now mixed up with all the personal acts 
of Our existence; she interferes in aU meas- 
ures of public interest; industry owes to 
her its immense prosperity; agriculture is 
regenerated under her fostering care; com- 
merce is forced to take her discoveries into 
account; the art of war has been trans- 
formed by her; politics is bound to admit 
her into its councils for the government of 
states. How could it be otherwise? Have 
not mechanics, physics, chemistry, the natu- 
ral sciences, become intelligent and neces- 
sary agents for the creation of wealth by 
labor? If comfort is more universal, the 
life of man more prolonged, wealth better 
distributed, houses more commodious, fur- 
niture and clothing cheaper, the soldier bet- 
ter armed, the finances of the state more 
prosperous, is it not to the sciences that all 
this progress is due? . . . "Yhether we 
wish it or not, we must needs accept Science 
as a companion, to possess her or to be pos- 
sessed by her. If you are ignorant, you are 
her slave; if you are skilled, she obeys you. 
The future belongs to science; unhappy 
are they who shut their eyes to this truth." 


JaI)anese lUetallnrgy. -A writer in the 
Japan JIail describes as follows the J apan- 
ese method of obtaining mercury from its 
sulphide (cinnabar): The cinnabar is first 
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powdered by means of aD. iron, boat-shaped 
mortar, with a circular knife. It is then 
washed to remove the foreign matter, and 
to obtain the cinnabar in a finely-powdered 
state. This is, after being dried, mixed 
with an equal weight of half-burned char- 
coal (half coal and half ashes), and the 
whole is put into an iron pot, which i!iì 
carefully covered with a round iron cover. 
This cover has in the middle a round open- 
ing, into which a curved tube of iron is 
fixed and cemented with a mixture of loam, 
salt, and a little water, the other extremity 
of the tube ending in a pot fillcd with cold 
water. The whole tube is wrappcd in some 
fibrous substance, and kept cool by aid of 
cold water. The whole is generally heated 
on a sUlall open charcoal furnace, the quick- 
silver distilling into the pot of water. This 
process is founded on the fact that the sul- 
phur of the cinnabar is retained by the 
ashes, and perhaps, also, by the iron of the 
in.uer surface of the pot, the mercury evap- 
orating by the beat. This quicksilver is, 
however, not pure, but ahva) s contains a 
small quantity of foreign mctals (lead, cop- 
per, etc.). 


Mtion of Ligbt 011 S('leuium.-The ac- 
tion of light in modifying the electrical con- 
ducting power of selenium was fir'st ob- 
served by :May, a telegraph-operator at Va- 
1encia' Ireland, who communicated the facts 
to 'Villoughby Jones in 1873. The latter 
having fully confirmed the observations of 
May, the attention of physicists, both in 
England and Germany, was drawn to the 
subject. '\
ithin the last twelve months it 
has been made matter of special inquiry by 
Prof. Adams and by Dr. 'Verner Sií'mens, 
each carrying on his investigations inde- 
pendently of the other. . The l'e:mlts ob- 
tained by Siemens are set fortb in a lecture 
delivered at the London Royal Institution 
by his kinsman, C. 'Yo Siemens. He ex- 
hibited the action of light by a contrivance 
of Dr. "Vemer Siemens, in \\ hich the sele- 
nium was in a form in which the surface- 
action of light can produce its maximum 
effect. Two spirals of thin wire (iron or 
platinum) are laid on a plate of mica in 
such a "ay that the wires lie parallel" ith- 
out touching. 'Vhile in this position a drop 
of fluid selenium is made to faU upon the 


plate, fi1ling the interstices between the 
wires; a:nd, before the selenium has had 
tillie to harden, another thin 111ate of mica 
is pressed do\\ n upon it so as to give firm- 
ness to the whole. Tbe two protruding 
ends of the spirals serve to insert this sele. 
nium element in a galvanic circuit. Mr. 
Siemem cal1s this disk his "
ensitive cle- 
ment." Tbe whole arrangement is no 
larger than a sixpence. Its action was 
shown in this way: It was placed in a gal- 
vanic circuit, at one end being a Daniell 
cell, and at the other a delicate index gal- 
vanometer. The" disk" was first. inclosed 
in 3. da.rk box; the circuit was "made," 
but no electricity passed through -no 
movement of the index was seen. The 
" dish. " was then exposed to light; stillllO 
action was apparent. Another di
k was 
taken that had been kept in boi1ing water 
for an hour, and grad'rally cooled. In the 
dark box it gave a slight passa
e to elec- 
tricity as inùicated by the index, but as 
soon as the light was admitted t.he index 
registered a great pasSà
(' of electricity. 
Another disk heated to 2Iü o C., and allowed 
to cool, was then used, and a greater action 
!'till wag apparent "ith this. Dr. Werner 
Siemens has worked at the meaning of this, 
but without tables and diagrams it. is not 
possible to com-ey an adequate iùea of his 
results. The basis of the change in condi- 
tion seems to lie in tbe fact of the extent to 
whieh the selenium is heated, fOl', when 
aga.in allowed to cool, its beha\"Îor depends 
on the extent to which it has been heated. 
The experiment was shown of the effect of 
different parts of the spectrum on a disk. 
The actinic ray produces no etlect, but the 
influence increases as we approach the red 
end. A selenium photometer was also 
shown in action. the principle of wbicb is 
to compare the relative effects of two 
lights in affecting the conditions for the 
passage of electricity. At the end of the 
lecture a most interesting little apparatus 
was put at work, which Mr. Siemens calls a 
selenium U eye." There is n small hollow 
ball, with two apertures opposite to each 
other. In one is pJaced a small Jens, one 
and a half inch diameter, and at the other a 
"disk." The disk is connected witb a 
Daniell cell and a galvanometer, and thi3 
represents the retina. Thère are two slides 
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which represent th
 eyelids. The action 
of light on tbe disk is indicated on the gal- 
vanometer. Not only was this shown to 
be scnsitive to white light, but sensitive in 
rliffercnt degrees to different colors. .Mr. 
Siemens suggested it would not be difficult 
to arrange a contact and electro-magnet in 
connection with the galvanometer in such a 
manner that a Po\\ erful action of light 
would cause the automatic closing of the 
eyelids, and thus imitate the spontaneous 
braia-action of blinking the eyelids in con- 
sequence of a flash of light. To physiol- 
ogists tbis analogy may be suggestive rc- 
garding tbe important natural functions of 
tbe buman frame. 


EWert of AlfOhol on Brain-Snbstaure.- 
W"ben brain-substance is placed in alcohol, 
it loses its water and its mobility of parti- 
cles, and becomes more solid and firm. Tbe 
question here arises, Is this thing possible 
witb the living brain? Is it possible tbat, 
in cases of delirium tremens, so much alco- 
hol has been consumed as, by its diffusion 
tbrough the brain, it has rolJbed nerve- 
matter of its mobile charactpl., and conse- 
quently of its power to throw off the prod- 
ucts of its life-functions? That alcohol 
may, in tbis way, act upon tbe brain of the 
inebriate, is an opinion wbich, as yet, can 
hardly be demonstrated directly; but an 
experiment made by Mr. Charles T. King- 
zett seems to render it bighly probable. 
He places in a dilute solution of alcobol 
pieces of braiu-substance derived from tbe 
ox, at the temperature of tbe blood, viz., 
100 0 Fahr. At this temperature it is di- 
gested for some hours, and the liquid is 
then filtered. On cooling, the filtrate throws 
down a wbite deposit of matter which the 
alcohol bas dissolved-a phenomenon which 
would seem to indicate some actual trutb 
in Shakespeare's words, Ii 0 tbat men should 
put an enemy in their mouths to steal a way 
their brains! It 


Foray of an Army of Ants.-A writer 
in Land and Water gives an interesting ac- 
count of a foray by an army of ants, which 
he witnessed in South .Africa. This army, 
estimated to number about 14,000 ants, 
started from tbeir home in the mud walls 
of a hut, and marched out in the direction 
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of a small mound of fresh eartb in the vi- 
cinity. The bead of the column balted on 
reaching the foot of the mound, and the 
remainder of the force did likewi:5e till tbe 
entire army was assembled. Tben the forces 
were divjded: one part remained at thp foot 
of the mound and ran round and round it . 
tbe rest mounted to the top, and some of 
them entered the loose earth and speedily 
returned, each bearing a young grasshopper 
or cricket, dead, which he deposited UpOB 
the ground and returned for a fresb load. 
Those who had remained on the outside of 
the mound took up the crickets as they 
were brought out of the earth, and bore 
them down to tbe base of tbe hill, returning 
for a fresh load. Soon the contents of tbè 
mound seemed to be exhausted, and then 
the whole force returned home, each carry- 
ing his burden of food for tbe community. 
Here was a regular foray, planned and exe- 
cuted with military precision, the country 
scrvcyed, and the depot of provisions known 
accurately before the marcb was made; àt 
the mound, prudential division of labor, and 
care taken that none of the victims sbould 
escape. 


Remedy for Cold in the Ileal. - Dr. 
David Ferrier, having used with great suc- 
cess trisnitrate of bismuth to cure" cold in 
the head," sends to tbe Lancet a communi- 
cation in wbicb be warmly commends tbe 
employment of bismuth, eitber alone or in 
conjunction with other drugs, in the treat- 
ment of nasal catarrh. Bismuth of itself 
being beavy, and difficult to inbale, it is ad. 
visable, he writes, to combine it with aca- 
cia-powder, wbich increases tbe bulk, and 
renders tbe powder more easily inbaled, 
wbile the secretion of tbe nostrils causes 
the formation of an adherent mucilaginous 
coatinO' of itself a great sedative of an 
irritat;d surface. Tile sedative effcct is 
greatly strengthened by the addition of 
hydrochlorate of morphia, which speedily 
allays the feeling of irritation and aids in 
stopping tbe reflex secretion of tears. He 
proposes t!le following formula: Hydrochlo- 
rate of morphia, two grains; acacia-pow- 
der two dracbms ; trbnitrate of bismuth, 
six'drachms. Of tbis powder one-quarter 
or one-half may be taken as snuff in the 
course of twenty-four hours. The inhala- 
tions should be commenced as soon as the 



118 


THE POPULAR SCIENCE MONTHLY. 


symptoms of catarrh begin to show them- 
selves, and should be used frequently at 
first, so as to keep the interior of the nos- 
trils constantly well coated. The powder 
checks the flow of mucus, and stops the 
sneezing. It causes scarcely any percep- 
tible sensation. A slight smarting may oc- 
cur if the mucous membrane is much irri- 
tated and inflamed, but it rapidly disappears. 
After a few sniffs of the powder, a percep- 
tible amelioration of the symptoms ensues, 
and in the course of a few hours, the pow- 
der being inhaled from time to time, all 
the symptoms may have disappeared. 


. Evolution of the Dorse.-Prof. Huxley 
devotes the sixth and last lecture of a course 
upon the origin of existing vertebrate ani- 
mals to considering the evidences of the 
evolution of the horse. After tracing tbe 
genealogy of the horse from O.'ohippus, 
through Palæotherium, Hipparion, etc., to 
Equus, the author remarks as follows: 
" The evidence is conclusive as far as the 
fact of evolution is concerned, for it is pre- 
posterous to assume that each member of 
this perfect series of forms has been spe- 
cially created j and if it can be proved, as 
the facts certainly do prove, that a compli- 
cated animal like the horse may have arisen 
by gradual modification of a lower and less 
specialized form, there is surely no reason 
to think that other animals have arisen in 
a different way. This case, moreover, is 
not isolated. Every new investigation into 
the Tertiary mammalian fauna brings fresh 
evidence, tending to show how the rhino- 
cm.os, the pigs, the ruminants, have come 
about. Similar light is being thrown on 
the origin of the carnivora, and also, in a 
less degl.ee, on that of all the other groups 
of animals. It is not, however, to be ex- 
pected that there should be, as yet, an an- 
swer to every difficulty, for we are only just 
beginning the study of biological facts from 
the evolutionary point of view. Still, when 
we look back twenty years to the publica- 
tion of the 'Origin of Species,' we are 
filled with astonishment at the progress of 
our knowledge, and especially at the im- 
mense strides it has made in the region of 
paleontological research. The accurate in- 
formation obtained in this department of 
science has put the lact of evolution be- 


yond a doubt; formerly the great reproach 
to the theory was, that no support was lent 
to it by the geological history of living 
things; now, whatever happens, the fact 
remains that the hypothesis is founded on 
the firm basis of paleontological evidence." 


\food Pavements.-After a very thor- 
ough im.estigation of the advantages pos- 
sessed by different kinds of pavements- 
granite, asphalt, and wood-the corpora- 
tion of London has decided in favor of the 
last. The report of the city engineer shows 
that a horse traveling on a granite pave- 
ment may be expected to fall once for ev- 
ery one hUlldred and thil'ty-two miles trav- 
eled, on asphalt once in one hundred and 
ninety-one miles, and on wood once in four 
hundred and forty-six miles. The injury 
sustained by the animal is also far less se- 
rious from a fall upon wood than upon as- 
phalt or upon gl'anite. The mode of con- 
structing wooden pavements in London ap- 
pears to differ from that which has obtained 
in this country. The surface-water is kept 
out by means of a layer of asphalt, and 
there is a flooring of planks as a super- 
structure, which gives great elasticity, and 
by distributing the weight equally over a 
considerable area, adds to the power of en- 
durance of the pavement. This decision of 
the London Corporation will occasion sur- 
prise on this side of the water, where wood- 
en pavements have been pronounced an ut- 
ter failure. It remains to be seen whether 
good material and careful construction will 
avail to remove the capital objection to 
wood as a material for pavements-its lia- 
bility to speedy decay. 


Tile Ire Age in Great Britain.-In a pa- 
per on the Ice age in Great Britain, R. 
Richardson cites facts with regard to the 
shallow depth of the ocean between Great 
Britain and Iceland and Greenland on the 
one side, and over the German Ocean on the 
other, and adduces reasons for holding that 
in the glacial era this region was terra 
jirma,. that the glaciers of Great Britain 
came over this emerged land from the 
north and west; and that the cold of the 
glacial era was due, in part at least, to the 
closing thus of the Arctic and exclusion of 
the Gulf Stream. The facts appear to war- 
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rant these conclusions. \Ve give them as 
stated briefly in the American Journal of 
Science: 
U The depth between Britain and Iceland 
mostly does not exceed 100 fathoms, and lJO- 
where exceeds 1,000; one tract of sea, extend- 
ing in a f\traight line from the eastern coaf't 
of Greenland, v'la Ice]and and Faroe, to Scot- 
land, does not exceed 500 fathoms. 'fhe depth 
of the sea in the English Channel is only about 
20 fathoms, and the average depth of the Ger- 
man Ocean is not over 40 fathoms. The depth 
between Britain and Greenland is small com- 
pared with the average depth of the Atlantic. 
According to the author, one of the oscillations 
of level, such as have occurred over the earth's 
surface, had the effect to unite Britain and 
Northern Europe with Greenland and the arc- 
tic regions, to give the polar ioe-fields access to 
Europe, to divert the course of the Gulf Stream 
and free Northwestern Europe from its influ- 
ence, and, in conjunction probably with some 
diminution in the infiuence of the sun, to pro- 
duce 0. glacial epoch." 


Pet Snakeso-Frank Buckland commu- 
nicates to Land and 
Vater a very interest- 
ing notice of "Cleo," a pet boa-constrictor. 
This animal was of the kind called" paint- 
ed boa," and had come from Brazil. Its 
length was seven feet five inches, and it9 
weight nine pounds. Cleo came into the 
possession of Mr. Mann, a friend of Mr. 
Buckland's, in 1870, and from that time till 
its death was his constant companion. TIer 
food consisted of pigeons, of which she 
took on the average one a week. If a 
pigeon were offered to her when she was 
Lot hungry, f;he would take but little notice 
of it. If the two were left together for a 
while, they became friends. Neither pigeons 
nor any other animal ever showed 
ny fear 
of this serpent. 
She always" killed her bird" instanta- 
neously, seizing it by the beak, and break- 
ing its neck by a rapid movement. She net'er 
crushed her prey to death, but invariably 
waited to see that it was motionless before 
laying her coils upon it. 'l'he constricting 
power was reserved for mastication, and 
was very sufficient for that purpose. 
u'Ve have, in traveling," writes Mr. Mann, 
U carried her about with 1]S, both in railway-car- 
riages and hoteh'!, unsuspected by others, and 
no amount oC inconvenience or discomfort ap- 
peared to distress her 80 long as we were near. 
She thoroughly understood the joke of keepin
 
concealed when stran
er8 were present. It 
was only when we were alone, or with our own 
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family, that she came forth of her ovo n accQrd 
to join the convert!ation. She never avoided 
children, but would allow them to take liberties 
which ['he would never have borne from any 
o
ber stranger. When offended in any WilY, she 
sImply walked off to some inaccessible corner 
and waited the departure of the offender. ' 
.. I do not remember any young child show- 
ing tLe slightest fear when Cleo came to make 
acquaintance. 
.. The manner or Cleo's death WIIS ['0 much 
in accordance with her character that few of 
her friends wiII be surprised at what I Lave to 
tell. 
.. During ]ast antumn I was laid up wil h a 
very serious illness. At fln!t Cleo appeared to 
enjoy my being at home all day long, but soon 
began to understand, principally from my wife's 
anxiety, that there was something the matter, 
and she refused food. One night she came to 
my bed to talk to me 6S usual, but [ was too ill 
to take any notice of her (indeerl, I could neitber 
move nor speak). She tried in vain to make me 
respond to her caresses, and, after a while, re- 
turned to her own bed, refused not only food, 
but water, and died within a day Or two. To 
anyone that knew her it W88 vÍsi ble that she was 
suffering grief, as a dog is 80metimes known to 
do under similar circumstances." 


The Northerly \finds of C.lliforoia.-In 
a paper on the northerly winds of the great 
central valley of California, Mr. J. II. C. 
Bonte attributes to the prevalence of these 
winds the peculiar dry and moderate1y ex- 
hilarating climate of that region. Further, 
he asserts that without the north winds, 
and with the consequent increase of moist 
heat, the vegetation now cultivated in the 
valley would be crowded out by dense trop- 
ical growths. It is reasonable to believe 
that the desiccating power of the north 
wind, by preventing and dissipating the 
noxious exhalations of animal matter, acts 
as a preventive of disease. The uorth 
winds, following the rainy season, by dry. 
jng and baking the soil, dissolve and pul. 
verize its particles, thus freeing its produc. 
tive powers. :Fineness of fibre and con. 
centrated nutriment are imparted to all the 
vegetable growths of the valley by the 
north wind, and it is possible that the 
grapes and strawberries of California may 
receive their delicate flavor from the same 
source. Cereal grains are made solid and 
flinty by this influence, and thus enabled to 
resist the damaging effects of moisture. 
The comparative exemption of the valley 
of California from the ravages of the wee- 
vil doubtless arises from the desiccating 
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power of the north wind; and the same 
cause checks the growth of fungi. The 
economical value of the north wind is dis- 
cernible in its power to preserve from rapid 
decay houses, barns, fences, etc., and the 
8,lme influence must protect iron from de- 
structive rusts. 


EffNt.. of Ligbtning on Different Spedes 
of Trees. - The effect!:! of lh;htning on vari. 
ous species of trees have been made a sub- 
ject of investigation by Daniel Colladon, 
who communicates to the Geneva Society 
of Natural History the results of his ob- 
servation!:!. He states that, when a poplar 
is struck, all the upper part of the. tree re- 
mains perfectly sound and green. The 
height above the ground at which the in- 
jU('ies appear does not, in large poplars, ex- 
ceed the thil'd of the tree's height. These 
injuries commence immediately below the 
junction of the strong branches with the 
trunk. In general they do not reach quitc 
to the ground. It is always the tallest pop- 
lar that is struck. In some cases the storm 
will pass ovel. trees of other species, and 
will explode on poplars, though they be of 
less height. !\I. Colladon has never met 
with any trac('
 of carbonization. The 
cases in which several poplars have been 
injured by a single discharge of lightning 
are rare. One such case is recorded by the 
author where three poplars were damaged 
by the saUle stroke. These trees stood in 
a straight line, and about twelve feet dis- 
tant from each other. 


lIaw the) teach Geology In Rome.-The 
eminent archæologist, G. Mortil1et, gives 
an amusing account of a class-lecture on 
geology which he once attended in the Ro- 
man University of the Sapienza. "I suc- 
ceeded," he writes, "not without difficulty, 
in getting leave to be present at a lecture 
on geology. I was introduced into a large 
hall; in the middle stood a small table, at 
which four persons were seated. On the 
one side sat the professor in an arm-chair, 
and on the other three students in common 
chairs. Kear the professor's Sf'at was a 
more comfortable arm-chair for the inspect- 
ing prelate, who from time to time came to 
See that the teaching went on aright. .As a 
stranger supposed to be well-di
posed, I 


waA honored with a seat in the grand arm- 
chair. I expected to listen to an interesting 
lecture in good Italian; the more, inasmuch 
as the professor, Ponzi, now a Senator of 
Ita]y, is a distinguished man, and a 8avant 
of repute. But I was disappointed. Tbe 
profe!"sor, for upward of half tbe time of the 
lesson, was obliged to dictate-for sucb was 
the rule-his lecture, whicb ha.d been writ- 
ten in advance in Latin, and revised and 
corrected by tbe censor. During the latter 
half be was permitted to give in Italian ex- 
planations of the dictated paragraphs; but 
he was not at liberty to divCl'ge from his 
text, nor could the students' take notes. 
These things I have seen with my own eyes 
at Rome under the reign of Piu8 IX., author 
of the' Syllabus.' " 


Effeds of COIl1]trf'fò;sed Air on Anlmnls.- 
"The mechanical effects of compressed air 
upon the animal economy, as ascertained 
by Bert, are to cause a lowering of the dia- 
pbragm and liver, and a consequent in- 
creased pulmonary vital capacity; this ef- 
fect, while gradual in its pl'oduction, lasts 
long after the subject is withdrawn from 
the compressed-air bath. Pravaz finds tbat 
the heart's action is at first increased, and 
then lessened, the pulse first becoming more 
rapid, and then slower, but never falling be- 
low the rate at normal pressure. The res- 
pirations are diminished during immersion, 
but on removal of the increased pressure 
they rise in frequency and in direct propor- 
tion to the degree of compression. Tbere is 
an increase in tbe amount of urea excreted, 
but this increase diminishes the longer the 
80journ in the compressed ah.. There is at 
the same time an increase in the amount of 
carbonic aciù expired. The temperature 
of the body rises above the normal at first, 
and then falls as the immersion is prolonged. 
These varying effects are due, Pravaz thinks, 
to the two influences of inward atmospheric 
pressure and byper-oxygenation, tbe former 
tending to diminish the circulation and the 
organic cbanges, and the othel' to increase 
them. 


Occnrrente of Sickel- Ores.-Nickel-ores 
occur in great abundance in New Caledonia, 
and are being actively worked. These ol'es 
in no way resemble those from which nickel 
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has hitherto been extracted, being silicates 
of nickel and magnesia, while the others are 
arsenio-sulphurets. They arc found in ser- 
pentine rocks, which are very abundant in 
various pal'ts of the island, associated with 
diorites, amphibolite!', etc. Sometimes they 
appear on the various rocks as a beautiful 
green coatin
; .sometimes they penetrate Elfed;; of Eledridty on Partirll's sns- 
the rocks, giving them a morc or less in- pended in Liqoids.-Some intere:o:ting ob- 
tense COlOl'; sometimes they form therein servation'i by Holtz on the effect.s of elec- 
threads, which may assume the importance tricity on particles suspcnded in liquids are 
and regularity of veins; and sometimes, recorded in PU[J!Jt-ndorff's .Annalen. In 
again, they occur in pockets. As might giving an account of these observations, 
have been expected, the nickel is associ- Holtz remarks that the" migration" of par- 
ated with iron, chrome, and cobalt, these tides suspended in. a liquid, subjected to 
metals, especially the two former, being electric currents, has long been known, and 
very abundant; their stratification is analo- was thoroughly investigated by Quincke. 
go us to that of nickel, except where cobalt But in all cases of such motion Holtz finds 
is met with. The latter metal is associated that there is, at the same time, a clinging 
with manganese, forming pure masses, of of particles to one of the poles. Tbis is 
greater or less extent, in tbe midst of fri_ / sometimes so evident that one might con- 
able 
renaceous ro
ks, co
posed of feld- struct an electroscope on this principle for 
spatbw and magnesIan detntus. I ascertaining the polarity. E:,pecially no- 
I table is the tendency of sem.w lycopodii 
Agt' of Trees in R('lation to Time of in insulating liquids, particulal'ly sulphuric 
Leafing. -In tbe course of a discussion, in etber, to covcr tbe negative pole with a 
the Paris Académie des Sciences, of the thick coating; wbile sulphur, cinnabar, or 
question whether the annual buds of a tree, sulphide of antimony, in the same liquid, 
as it grows old, preserve the characters of only coats the positive pole. --\ simple 
youth or share in the old age of the indi- medicine-glass suffices for the experiment, 
vidual wbich produces them, it was stated a conductor or half-conductor being intro- 
tl1ah according to observations made by duced through the stopper. The /!Jas8 is beld 
Prof. Decaisne on the Rob-inia pseudacacia in the hand, and the conductor brought to 
(common locust) of the Muséum d'Histoire an electric machine; the phenomenon then 
N aturelle, the time of leafing does not vary occurs. It is better, of course, to have the 
witb age. At PÏ:òa, results a little different bottom perforatcd for insertion of the sec- 
were obtained; there the gingko (Salisburia ond pole, or to use an open glass, with the 
adiantifolia) and the walnut bave been two poles pushed down into it. Eitber a 
found to produce their leaves eg,rlier in the frictional or an influence machine may be 
season from year to year as they have ad- used. 
vanced in age. On the contrary, the Æs- 
culus ltippocastanum, or horse-chestnut, is 
more tardy in proportion as it grows older. 
111. de Candolle, who wa<; present at tbe 
meeting of the Academy, quoted observa- 
tions carefully made every year since 1808 
on two chestnut-trees at Geneva; these 
trees have leaved invariably between the 
. ninety-third and the ninety-sixth day of the 
year. He further quoted the instance of a 
viI\e growing at Östend. This ..ine has 
been observed during tbirty-three years, 
and during the first eleven years it leaved 
on the one bundred and twenty-seventh day 


of the year; in the second period of eleven 
years, on the one bundred and twentieth' 
in the third, on the one hundred and sixth: 
Thus there would seem to bc a continuous 
progression, the vine becoruing more pre- 
cocious in p!'oportion to its admnce in age. 


Dave Bees a Sf'nse of ßeariD
 l-Though 
the best observers ùeny to bees the pos.sès- 
sion of a sense of bearing, a writer in 
.JtTcwman's Elltomologist relatcs an instance 
in which t1. bive of bees appear to have 
beard the summons of their quecn. .\ 
swarm of bees had been gathered into a 
hive, which was allowed temporarily to rest 
upon a table. On lifting the hive, in order 
to set it upon the bive-board, the portion of 
the table on which the bive had stood was 
found to be covered with bees, which soon 
began to run about, from their having been 
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suddenly disturbed. The hive was now 
placed on the hive-board, with the entrance 
toward the bees. For a little whiJe they 
continued to run about, as if bewiJdered, 
but then was hearù a peculiar vibrating and 
buzzing sound proceeding from the hive. 
In an instant all the bees faced about, with 
their beads toward the hive, and all marched 
into it in regular procession. 


A N('w Respirator.-A new mask for fil- 
tering dust out of the atmosphere, and in- 
tended for use by workmen who folluw 
sundry unhealthy trades, has been devised 
by Dr. n. 'V. Richardson. lIaving tried 
various substances in order to find a good 
filter, be gives the preference to feathers. 
The ad vantages of feathers as filt('rs of 
dust are many: they are light, they sepa- 
rate perfectly, admitting air in any quantity 
while excluding dust, and they absorb water 
less perhaps than any otber porous flexible 
substance. They bave the further advan- 
tage of being cheap, and of being easily 
made up into fi1tCl.s. In constructing his 
mask he connects the light feathers drawn 
from the leg-plumage of the pheasant along 
a line of tape. This band he wraps around 
the perforated breathing-tube of the mask, 
so that the feathers fall over the perfora- 
tions. In inspiration the feathers come 
down over the perfol'ations, filtering the air 
as it enters, while in expiration they are 
blown out from the tube as feather-valves. 


Bat-Gnano.-In reply to a circular of 
inquiry addressed to numerous correspond- 
ents in the Southern States, Mr. McMur- 
trie, chemist to the United 8tates Depart- 
ment of Agriculture, received a number of 
letters describing deposits of "bat-guano." 
Neal' Georgetown, 'Villiamson County, Tex- 
as, there is a deposit supposed to amount 
to hundreds of tons, many apartments in 
the cave in "hich the excrement is found 
being filled to the mouth. Neal' Tuseumbia, 
Alabama, is a deposit estimated to be worth 
$20,000. A cave near San Antonio, Texas, 
is supposed to contain 15,000 or 20,000 
tons of this guano, and the store is an- 
nually increasing. Samples from these and 
other deposits have been analyzed by Mr. 
MeMUI'trie. Most of them he found to. 
contain both ammonia and nitrates. Un- 


del' the microscope the material is seen 
to consist of the remains of the hard parts 
of in&ects in a finely-comminuted condition, 
which are the source of its nitrogenous 
constituenti. As a fertilizer this guano 
compares favorably with the fish-products 
manufactured in New England, and even 
with Peruvian guano. 


Prof. lUarsh and Ilis Paleontologiral 
Work.-Prof. O. C. Mal'sh, in a lecture to 
the graduating class of Yale College, 
summed up the main results of his paleon- 
tological researches in the Rocky Mountains. 
A syl1abus of the lecture is published in the 
America1L Journal of Science. His conclu- 
sions as to the size and growth of the brain 
in mammals, from the beginning of the 
Tertiary to the present time, may be briefly 
stated thus: 1. All tertiary mammals had 
small brains. 2
 There was a gradual in- 
crease in the size of the brain during this 
period. 3. This increase was mainly con- 
fined to the cerebral hemispheres. 4. In 
some groups the convolutions of the braia 
have gradually become more complicated. 
5. In some the cerebellum and olfactory 
lobes have even diminished in size. There 
is Borne evidence that the same law of 
brain-growth hoJds good for birds and rep- 
tiles fl.om the Cretaceous to the present 
time. Some aùditional conclusions in re- 
gard to American tertiary mammals as far 
as now known are as follows: 1. All the 
ungulata from the eocene and miocene had 
upper and lower incisors. 2. All eoeene 
and miocene mammals had separate sca- 
phoid and lunar bones. 3. All mammals 
from these formations had separate meta- 
podial bones. At the conclusion of the 
lecture Prof. Marsh announced that his 
work in the field was essential1y completed, 
and that all the fossil remains collected and 
in part described were now in the Yale Col- 
lege Museum. In future he should devote 
himself to their study and full description, 
and he hoped at no distant day to make 
public the complete results. 


Se('d-Prodndlon or the Sngar-Beet.- 
From experiments made by Coren winder, it 
appears that when beet-roots are planted 
for the sake of seed, they, 011 first sprout- 
ing, part with a certain quantity of their 
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sugar, which goes to support the young 
leaves. From this time forward unti] the 
moment when the rudiments of the seeds 
appear, the sugar remains in the root. 
Hence it would appeal' that the carbon 
requisite for the formation of the stems and 
leaves, which during this period attain a 
great development, comes mostly, if not en- 
tirely, from the atmosphere. From the 
time when the seeds appeal', the sugar in 
the root disappears rapidly, and when the 
seed is fully ripe there is no more left. 
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population, the bad ventilation, the over- 
crowding, and the retention of the filth in the 
living-rooms for the greater part of tbe day, 
it might naturally have been supposed that 
typhoid Rnd diphtheria would be endemic 
in the old town. This is not the case, how- 
ever, for, despite the surroundinO' conditions 
these diseases may be said to b
 þracticall; 
unknown. But in the new end water-closet- 
ed town tbe case is quite different: typhoid 
and diphtheria arc never enth-ely ab5ent, 
are frequently epidemic, and it has been 
noticed that the ravag('s of these diseases 
have beE'n greatest in the best houses. The 
lesson which this teaches is, that any system 
of removal cannot be sanitary unless all the 
excremental produce of a population is so 
promptly and so thoroughly removed that 
the inhabited place, in its air and soil, shall 
be absolutely without fecal impurities." 


The Kanrl Pine.-The kauri pine is one 
of the chief timber-trees of New Zealand. 
These trees in some instances have been 
found fifteen feet in diameter and one hun- 
dred and fifty feet in height. In some kauri 
trees the wood is prettily marked or mot- 
tled, and is in great demand for cabinet- 
making. The timber is also valuable for 
ship-building. The kauri does not grow far- [tillzation of Sewage In En
land.-Down 
ther south than latitude 37 0 30'. The gum to the year 1874 the sewage of the English 
which exudes from this tree is an article of town of Coventry (population 40,000) was 
commerce. Over a large area of land which cast into the river Sherbourne in an undefe- 
has been exhausted by kauri forests in past cated state. It rendered the stream black 
ages, and is now barren, the gum which has and disgusting, and a terrible nuisancc to 
exuded from the dead trees is found at a the neighborhood, as well as a great source 
depth of from two to three feet. This gum of danger to health, inasmuch as the sewage, 
is valuable in the manufacture of varnish. at a few miles distance, found its way into 
During the years 1870, 1871, and 1872, no the source of the water-supply of the town 
less than 14,276 tons of the gum were ex- I of'Varwick. But, by the erection of sewage- 
ported, amounting in value to nearly half works, all this has since been rem ('died, and 
a million pounds sterling. The Maoris the river Sherbourne has been so purified 
bring a considerable quantity to market, that fishes have returned to its waters. In 
and the proceeds thus obtained enable them selecting a site for the works, advantage 
to procure the comforts of dress and living was taken of a fall of six feet in the nature 
to which they have now become accus- of the ground, so as to avoid the costly ex- 
tomed. pedient of pumping the 8e\\ age, and to work 
it throughout by gravitation. A narrow 
strip of comparatively valueless land along 
the river-bank, about thirteen acres in ex- 
tent, was thoroughly drained and embanked 
against the rising of the river during floods. 
The sewage is here subjected to four pro- 
cesses, viz.: 1. Straining by means of 
mechanical strainers, thus removing the 
solids, which form a r:,ch manure. 2. Chem- 
ical treatment by sulphate of alumina and 
milk of lime, and precipitation. 3. Filter- 
ing of the efIluent water by percolation 
through a depth of five feet of earth. 4. 
Drying of the precipitate 01' sludge in the 
precipitating tanks. The cost of pUl'if
'ing 


An Important Sanitary Fad.-The fol- 
lowing interei'ting statement is made by Dr. 
Littlejohn, Medical Officer of Health for 
Edinburgh: "Edinburgh consists of two 
distinct towns, an old and a new, but with 
very different populations. The new town 
is inhabitcd by the better classes, and is 
preëminentlya water-closet town; whereas 
the old town consists for the most part of 
overcrowded tenements, in which pail5 are 
used for the reception of excreta. These 
pails are brought to the street daily and 
emptied into carts provided by the authori- 
ties. Considering the low morality of the 
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the entire sewage of Coventry in this w:.y, 
including rent of land and interest on capi- 
tal, and without deducting rcceipts from the 
s:l1e of manure, is about Is. 7d. per head of 
the population per year. But, taking into 
account the chemical value of the manure, 
the cost would be about twopence per 
head. 


fO:J.
trDdion of \fater-Tanks.-.A. water- 
tank at the top of St. George's Hospital, in 
London, recently burst, inundating the wards 
and causing destruction of life and proper- 
ty. This tank, which hc1d about thirty-four 
tons of water, was made of cast-iron plates 
balf an inch thick, bolted together in the 
usual way; in form it was a Sfluare of ten 
fect on a side and the depth twelve feet. 
The thickness of the h'on plates was ade- 
quate to resist the strain put upon them 
only on the usual condition of the employ- 
ment of tie-bars and nutS of the necded 

trength. But, instead of adopting the 
proper pIau of bolting thesc tie-bars direct- 
ly to the flanges by which the platcs them- 
sdvcs were bolted togethcr, thin plates of 
wrought-iron, only one-quarter of an inch 
thick, were bolteJ to th
se flanges, and the 
tie-bars were attached to cross-pieces that 
ran tlu.ough holes in these plates. The 
cross-pieces were so short that on the least 
disturbance one end might slip out of its 
place, le
wing the entire stress on the other 
end anJ on the thin plates in whieh it 
rested. As was to be e'{pected, the plates 
gradually rusted, amI, when the corrosion 
had advanced so far as to allow the bolt, to 
be torn away by that strain on the sides of 
the tank which the cross-bars wcre intenJed 
to resist, the tank tore in two, and the water 
made its escape. 



Ioyemt'nts of "told Waves."-Prof. 
Loomis, of Yale College, contributes to the 
American Journal of Science and Arts, for 
July, the fifth of his valuable series of paper:; 
on ")Ieteorology." 
In a former paper he presented facts 
showing the origin and probable cause of 
extremely low temperatures. It was found 
that they developed among the Rocky 
Mountains, and moved thence, as U cold 
waves," over the continent eastward. Since 
the publication of that paper this phenome- 


non has become well understood, and is 
now sustained by further proof. It appears 
that low temperatures follow in the wake 
of storms; or, in other words, areas of high 
barometer follow those of low barometer. 
By low temperature is understood a de- 
gree of cold which is greatly below the 
mean temperature of the place or area 
where it prevails. Thus the cold wave of 
December, 1872, started in Dakota on the 
16th, and the temperature fell to 15 0 , 25 0 , 
and finally 44 0 , below the mean of the month. 
At the same time the barometer rose to 
30.64. 
The cold wave moved eastward and 
southeastward, the barometer rising as the 
cold came on. The cold was extreme from 
the Rocky 
Iountains to Lake )1ichigan, 
and from latituJe 38 0 to the British posses- 
sions. 
In New York, during the last six days 
of the month, the depression of temperature 
rangcd from 18 0 to 24 0 below the mean of 
the month. 
It is quite obvious, Prof. Loomis ob- 
serves, that the colJ experienced in Dakota 
diJ not come from beyond the Rucky 
Mountains, but on the easterly side, near 
longitude 100 0 . The greatest observed coM 
in the instance referred to was not at the 
most northern stations, which strengthens 
the conclusion expressed in a former paper 
that there is a source of cold indepenJent 
of the transfet, of ail' from a higher to lower 
latitudes. As the cold wave moves east- 
ward, the intensity of the cold is found to 
diminish. 
The professor calls attention to the very 
interesting fact that, during the low temper- 
ature of December, 1872, the stratum of 
cold air was of no great thickness, probably 
not more than 9,000 feet, as was shown at 
Mount \Vashington. On the 26th of the 
month, when the coM was at its maximum 
over the region, it was found that the tem- 
perature was higher by 20 0 Fahr. at the 
summit of the mountain than at its base. 
Further facts are presented in this paper, 
showing the general form of areas of low 
barometer and of high barometer. It was 
previously shown that a storm area is more 
or less oblong, and not in any observed 
case entirely circular. The same appears 
to be true of the cold areas. 
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To illustrate this a chart is given, on 
which lines of equal barometric pressure 
al.e drawn, the lines of highest pressure be- 
ing at and near the centre of the area, but 
diminishing as the distance from the centre 
is increased. These areas have a long and 
a short diameter, the one being in some 
cases twice or thrice that of the other. 
The relation of barometric pressure to 
rainfall receives further attention in the 
present paper, and the conclusions previous- 
ly arrived at are fuIly sustained. 
The rainfall is greatest while the baro- 
metric pressure at the centre of the storm 
is diminishing, or the storm increases in 
intensity while tile barometer continues to 
fall; and, on the other hand, the storm di. 
lUinishes in intensity whHe the barometer 
at the centre of the storm is rising. . 
The progressive movement of storms 
seems to be sometimes interrupted, and they 
remain stationary over a section of country 
for some days. This occurs off the coast 
of K ewfoundland, and the cause of it is at- 
tributed to unusual precipitation of vapor. 
In that region the rainfall is about fifty-six 
inches in a year, while at two hundred miles 
from the coast it is only forty inches. 


Presenation or Entomologltal Sped- 
mens.-:M. Felix Plateau having recommcnd- 
ed the use of yellow glass in the windows 
of rooms containing entomological collec- 
tions, as a means of preserving intact the 
natural colors of the Apecirncns, :Y. Capron- 
nier, of the Entomological Society of Bel- 
gium, made some experiments to determine 
the value of this suggestion. He made five 
small, square boxes, each covered "ith a 
pane of yellow, violet, green, blue, or color- 
less glass. He then fixed in the middle of 
each box one of the inferior wings of Eu- 
chelia Jacobeæ, which are of a deep carmine 
color, uniform in tone. Each wing was 
partly covered with a band of black paper, 
and their position was so arranged as to 
leave exposed successively each of the parts 
during a period of fifteen, thirty, and ninety 
days. The result was as follows: Colorless 
Glass.-The carmine tint visibly attacked 
after exposure of fifteen days; aHeration 
more sensible after thirty days; after ninety 
days the carmine had passed into a yellow- 
ish tint. Blue.-The samc results as with 
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c.olorless glass. Grecn.-A change indi- 
cated on thc thirtieth day; on the ninetieth 
the alteration "as marked. rdlfjw.-
\fter 
ninety days 
he carmine color almost intact. 
M. Capronnier accordingly concludes that a 
yellowish color should be preferred in c\'ery 
arrangement of an elltomologicall'oom. 


Anti-lhbettion Legislatiou.-In com- 
menting upon the bill for regulating the 
practice of viviscction in England, ftoon re- 
marks upon the absurdity of a J>arliaruent 
of sportsmen, supported by a mob out-of- 
doors, passing such a law. U Either of 
them" (sportsmen or 1l10b) U for the mere 
pleasure of ki1Iing, or in the treatment of 
domestic animals, inflicts more unnecessary 
pain on the animal creation in one day than 
the whole body of physiological il1q
irers 
do in a year. The physiological \\ orker 
will, if this bill passes, have to pursue his 
unrequited labors under the supervision of 
a policeman, and with a ticket-of-leave; and 
the result will be that original, unremuner- 
ated research of a mO!:,1t important c]ass "il1 
not only continue to be pursued without 
endowment, but under the risk of penal 
serYitudc, the tournament of doves. pheas- 
ant-battues, and horse-racing, being all the 
while in full swing." A petition, signed by 
all the leading members of the medical pro- 
fession, bas been prescnted to the Housc of 
Lords, demanding certain modifications in 
the bill. 


lUeats cooked by fold.-It is a fact of 
familiar experience that e
treme cold pro- 
duces in organic substances effects closely 
resembling those of heat. Thus, contact 
with frozen mercury gives the samc scn
a- 
tion as contact with fire; and meat tbat 
has been exposed to a very low teI.:nperature 
assumes a condition like that produced by 
heat. This action of intcn:"c cold bas been 
turned to account for economical uses by 
Dr. Sa\\iczevosky, an Hungarian chemist, as 
we lcarn from La .J..Yature. He subjects 
flesh-meats to a temperature of minus 33 0 
Fallr., and baving tbus "cooked them by 
cold," seals the
 bermctkally in tin cans. 
The results are represcnted as being entire- 
ly satisfactory. The meat, whcn taken out 
of the cans a long time after" arù, i:- found 
to be, as regards its appearance and its 
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odor, in all respects as inviting as at :first. 
It is partially cooked, and needs but little 
treatment more to prepare it for the table. 
A German government comJ11ission has 
made experiments with this process, and 
two naval vessels dispatched on a voyage 
of circumnavigation were provisioned with 
this kind of meat. An e:3tablishment has 
been set up in Hungary for pt.eserving 
meats in this way. 



ansel!ì of Putrefnt'tion nnd Fermentn- 
tion.-A year or two ago, Dr. J. Dougall, 
of Glasgow, at the Social Science Congress, 
held in th:1t city, announced, as the result 
of investigations made by himself, that the 
presence of an alkali determines putrefac- 
tion in organic matter, while the presence 
of an acid determines fermentative changes. 
The same line of inquiry has been taken up 
since by Dr. John Day, of Victoria, Austra- 
lia, who finds in Dougall's discovery an ex- 
planation of the presence in hospitals of 
septic poisons, giving rise to pyæmia, ery- 
sipelas, and puerperal fever. The Sænitary 
Jow.nal, of Toronto, has a paper by Dr. 
DJ.Y upon this subject, the purport of 
which may be briefly stated as follows: 
Hospitals, as usually constructcd, have 
alkaline ceilings, alkaline walls, alkaline 
floors (owing to the use of soap in cleans- 
ing them). Experience has shown that 
pyæmia is of extremely infrequent occur- 
rence in temporary hospitals consisting of 
rough wooùen sheds. The incessant gen- 
eration of peroxide of hydl'Ogen by the tur- 
pentine of the wood doubtless prevents 
putrefactive changes, but, as turpentine 
always gives an acid reaction, this circum- 
stance must greatly increase the disinfect- 
ing power of the peroxide, by determining 
the fermentative instead of the putrefactive 
decomposition of the pus-cells and other 
organic matter given off from the patient. 
Dr. Day proposes the following methorl 
of counteracting the evils of hospital-life: 
The boards of the floor he would first cover 
with a coat consisting of equal parts of gas- 
oline and boiled linseed-oil, to which is 
added a little benzoic acid, 'Vhen dry, the 
surface is polished with a paste of bees- 
wax, turpentine, and benzoic acid. Boards 
so prE'pared are, in his opinion, rendered 
permanently disinfectant. The walls and 


ceilings might be rubbed smooth, and coated 
with a varnish of paraffine 01' oil of turpen- 
tine; or, better still, they might be coated 
with silicate paint, then rubbed down and 
varnished. For the purpose of keeping the 
air pure, and destroying the pus-cells float- 
ing in it, he recommends, in addition to 
ventilation, the use of certain volatile sub- 
stances, such as gasoline, benzine, and eu- 
calyptus oil. The furniture should be oc- 
casionalJy brushed over with either gasoline 
or benzine, in which a little benzoic. acid 
has been dissolved. 


toJtlvation offaootthou-yi('ldlng Trees. 
-In 1870 }Ir. Clements R. Markham advo- 
cated the planting of caoutchouc-yielding 
trees in India, and in 1873 the first at- 
tempts were made, but without success, in 
the Darjiling Tcrai and in the district of 
Goalpara, Assam. In the following year 
two plantations were made in the Kamrup 
district of Assam and at Charduar, at the 
foot of the Himalayas, in the Durrung dis- 
trict. The lattcr plantation now COVE'rs 
180 acres, and in 1875 thet'e were in it 
16,401 live cuttings. The species here cul- 
tivated is the native Ficus elastica. Sev- 
eral plants of the castilloa tree of South 
America are now in a very flourisliing con- 
dition at Kc\V Gardens, and a good supply 
of this species has been thellce forwarded 
to India, where they will form the nucleus 
of extensive plantations. In June of the 
present year an agent was to have been 
sent out to Brazil to collect healthy young 
plants of the ltevea, the tree which yields 
the famous Pará India-rubber. Thus pro- 
vision will be effectually made against the 
extinction of these valuable specie.s of 
plants. 


Inspeding Railways by lUafbinery.- 
Attached to the rear of the paymaster's car 
on the Pennsylvania Railroad, says the 
America71 .J.1Janufacturer, is an apparatus 
which it is thought will work much more 
satisfactorily than the telegraphic instru- 
ments formerly used by the officers while 
making their tours of inspection. A roll of 
white paper, 700 feet in length, encircles a 
cylinder, from which it is paid out at the 
rate of three feet to the mile run by the 
car, its forward movement being regulated 



by the revolutions of the nearest axle under 
the car. A lead-pencil placed about the 
centre of the paper indicates by its mark 
the condition of the track. The more un- 
even the track the longer will be the mark 
made by the pencil. Another way of show- 
ing the inspecting party that the track is 
uneven is by an horizontal piece of iron or 
steel, which oscillates like the pendulum of 
a clock as the train moves. 'Vhen a very 
defective point is reached, the pendulum. 
comes in contact with a metal on each side, 
circular in shape, which gives a sound like 
a bell 


Physlologital !tUon or Cora.-The phys- 
iological action of the leaves of coca or 
cuca (Erythroxylon coca), a plant indige- 
nous to Peru, has been the subject of much 
discussion lately in England. Sir Robert 
Christison, whose reference to the peculiar 
properties of this plant, in his address to 
the Edinburgh Botanical Society last No- 
vember, gave rise to the discussion, has 
since taken up the subject again, in a paper 
read before the same society. The author 
gives an account of experiments made by 
himself and by fourteen other observers, 
under his instructions, with a view to deter- 
mine the physiological action of coca and 
its principle, cocaine. His conclusions are 
that-I. When taken in quantities of two 
drachms by healthy persons it has no un- 
pleasant, injurious, or suspicious effect 
whatever j 2. In a very few cases tbis dose 
of an inferior sample had no effect at all; 
3. In by far tbe greater number of instances, 
and with a fine sample, extreme f..'\tigue was 
removed and prevented from returning; 4. 
It does not in the end impair the appetite 
or dige8tion, although hunger, even after 
long fasting, is taken away for an hour or. 
two j 5. The use of it is incompatible with 
the use of alcoholic liquors, except wben 
tbe latter at.e taken in very small quantities. 


NOTES. 


IN a recent 'Miscellany article on the 
cruise of the Challenger, it was stat cd that 
4,975 fathoms, or five and a half miles, is 
the deepest trustworthy sounding yet made, 
excepting two by the Tuscarora, which 
showed a depth 600 feet greater. A cor- 
respondent has caned our attention to a 
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statement in No. IV. of the II Science Prim- 
er Series," to the effect that between the 
Azo
es and Bermudas a sounding had been 
obtalI
ed of seven and a half miles. This 
s
undmg was made twenty years ago, by 
Lieutenant BerI'yman. It was in latitude 
32 0 155' north, and longitude 47 0 68' west 
but it. is not now regarded as trustworthy: 
A frmtful so.urce of errol', in this and other 
early soundmgs, was the curving of the 
line by currents, etc. 
S. W. BURNHAM, Esq., of Chicago has 
been appointed director of the Dea;born 
O
se
at?ry in that city. Mr. Burnham's 
contrlbutlo
S to ?bservational astronomy, 
mostly pubhshed In the 'I Transactions " of 
the Royal Astronomical Society of London 
have earned for him prominent rank amon; 
astronomers, both at home and abroad. C 
IN a recent Italian work, measurements 
are given of the skulls of Dante, Petrarch, 
U go Foseolo, and Volta. V oJta's skull is 
of extraordinary capacity. In the skull of 
Petrarch. the Etru
can type is evident, viz., 
a v?lummous bram, strongly developed in 
an Its parts, and of superior psychological 
power j but the posterior predominates over 
the anterior portion, leading to the conclu- 
sion that the sentiments and ilJstincts pre- 
vailed over the intellect. 
IT is asserted, by Prof. Isidor Walz, that 
vanadium is a general constituent of Ameri- 
can magnetites. This conclusion is based 
upon examination of twenty-seven speci- 
mens of magnetites from different localities, 
in the United States and Canada. 
IN Austria, according to the JIoniteur 
Industriel Beige, dynamite has been em- 
ployed with success in vine-culture. In 
order to loosen the soil and permit acceS3 
of air and moisture to the vines, cartridges 
of dynamite were placed in holes three 
metres deep, at such distances from the 
plants as to obviate the danger of injury to 
them from an explosion. The result of the 
explosion was that the soil was perfectly 
broken up to the depth of two and a half 
metres. Furthermore, the phylloxera com- 
pletely disappeared. Certainly a novel use 
for explosive agents. 
DIED June 27th, at tbe age of eighty-two, 
Christian Gottlieb Ehrenberg, the eminent 
microscopist. In 18
O he was attached to 
a scientific expedition into E{!ypt, and for 
8ix years devoted himself to the nJÏcroscopic 
investigation of the lower animal forIDS of 
that and the nf'ighboring countrics. On his 
return home he was appointed a professor 
in the medical faculty of the ßel'lin Univer- 
sity. In 1829 he accompanied Humboldt 
to Central Asia. lIe was the author of 
numerous works upon microscopic organ- 
isms. 
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A CO
[P ANY has been formed in Califor- 
nia for the manufacture of sugar from the 
juice of watermelons. The pl'ocess is far 
simpler and cheaper than that of making 
sugar from beets. An excellent sirup is 
also made from watermelon - juice. The 
seeds yield a sweet-oil which serves 3S a 
good !=mbstitute for olive-oil, amI the residue 
of the sugar-manufacture is used as food for 
cattle. 
TilE death is announced of Dr. Lonsdale, 
the pupil and biographer of Dr. Knox, the 
celebrated Edinburgh lecturer on anatomy. 
Dr. Lonsdale was also the author of f;Ome 
pleasant volumes on U Cum1Jerland 'V 01'- 
thies. " 


A NJo;W geological map of Scotland, by 
Prof, tìcikie, is announced in Xature. The 
scale is ten miles to the inch. In aùdition 
to the older rocks, this map shows the posi- 
tion of the more important raised beaches, 
river alluvia, tracts of ùlown sand, and gla- 
cier moraines. 


Os .Tune 6th and 7tha cremation congre
s 
met at Dresden. The attendance was not 
large. X('arly all the German governments 
fire opposed to cremation of the dead, chief- 
ly, as it would appear, because many of 
the leading advocates of this substitute for 
interment are pronounced radicals. The 
Saxon Hovernment has refused to accept, 
for the benefit of the Dresden charitable 
institutions, the legacy of .1>rof. EberhaJ'd 
Richter, simply because the testator had 
couplf'd with the bequest the condition that 
his bodv should be bmned in a furnace at 
Dresdeñ. 
IT is stated by Prof. de Luca. of Kaples, 
that fruits 01' leaves kept in au atmosphere 
of C:1ruonie acid, or of pure hydrogen, after 
a while begin to ferment. In the carbonic- 
acid atmosphere, alcohol and acetic acid 
are produeed, and in tile hydrogen mannite. 
In neither case do any organic ferments ap- 
pear. If this obsel'\'ation should prove to 
be correct, it will lead to important conse- 
quences. 
LIQUID mercurV has been discovered in 
the ground near !IontpeIJier, and at many 
points in the department of Hérault, France. 
It is especially found in decomposing schists, 
but it5 appearance 
eems to be intermittent. 
Its presence is marked by injurious effects 
on the vegetation: the trees languish and 
die, the pastm-age is spoiled, aud the sheep 
grazing on such ground pl'csent the symp- 
toms of mercurial poisoning. 


,y IRE ropes of phosphor bronze are 
much employed in the hoisting-apparatus of 
mines in Europe. Such wire ropes are 
much stron
er and more durable than those 
of irou or steel. 


SILKWORYS hatched by electricity are 
now Leing reared in Italy. The superin- 
tendent of the experimental silkworm-farm 
at Padua has found that the hatching of 
silkworms may be accelerated ten or twelve 
days, and a yield of forty per cent. of cater- 
pillars secured, by exposing the eggs to a 
current of negative electricity from a Holtz 
machine for cight or ten minutes. It is 
suggested to apply the same method to 
hens'-eggs and to hastening the germination 
of seeds. 
PROF. TAIT caUs attention to a paper 
by F. )[ohr, puùlished in Liebig's Anualen, 
as early as 1837, which contains views 
on the nature of heat similar to those pub- 
lished later hy Dr. Mayer. }lohr's essay is 
said to contain about all tbat is correct in 
Mayer, "hile avoiding !='ome of his errors. 
THERE are in AIgel'Ïa 613 artesian wells, 
representing a total depth of over 26 kil- 
ometres (16.12 mile:;). The ('ost of these 
wells, including one of e
ceptional depth 
(596 metres, or about i,lJUO feet), was 
2,500,UUO francs, or 9õ francs per metre. 
A LlVISG gorilla has been brought to 
Europe from .Africa, by the remnant of the 
Güssfeldt expedition. The animal is in 
good condition, and i3 to be placed in the 
Zoölogical Gardens at Berlin. Hc is two 
years old. 
TnE Society of :Medicine and Surgery, 
of Bordeaux, offers a prize of 1,000 francs 
for the best es:;a.y upon the following sub- 
ject, viz.: micro:,:copicall'xamination of hu- 
man blood, both in the flesh and in the dry 
state, of the fcetus and of the adult, as 
compared with the blood of other maJUllIals, 
from the medico-lt'gal point of view. The 
essays offered ruust be written in either 
Latin 01' French, and submitted to the sec- 
retar)" of the society not later than 
-\.ugust 
31, 1879. 
THE "Cochin- China diarrhæa" annu- 
ally carries off about 1,000 men of tbe 
:French army and navy. According to Dr. 
Normand, naval surgeon, this disease is 
produced by the presence in the intestines 
of an enormous number of entozoöns, of the 
new species Ang!lillula stercoral is. This 
entozoön is one-fourth of n. mi1limetre in 
length. 
GEORGE SMITH, of the British Museum, 
famous for his Assyrian researches, died at 
Aleppo, August l\1th, at the early age of 
thirty-seven years. 
THE ColoQne Gazette sars that Frau 
Theresa FiedÌer von Hülsenstein, who late- 
ly died at Prague, had attained the age of 
one hundred and nineteen year
. She was 
born at Hamburg in 1757, and was in her 
youth a maid-of-honor to the Empress Maria 
Theresa. 
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FER)IENT.A.TIO:N A:ND ITS TIE.A..RL..,GS O
 TIlE PHE- 
KO
IEXA OF DISEASE.I 


By JOHN TYNDA.LL, 
L.D., F. R. s. 
I N a book with which we are all familiar, amid other wise utter- 
ances, this one occurs: "Cast thy bread upon tbe waters; for thou 
shalt find it after 11Iany days." In 1110re senses than one this precept 
is illustrated by Iny presence here to-night. Firstly, in a general 
sense, I stand indebted, morally and intellectually, to the l)oets, his- 
torian:'1, and philosophers, of Scotland. Secoll<Uy, in a special sense, 
it so happens that one of the first rootlets of my scientific life deri \'ed 
its nutriment from this city of Glasgow. In early youth it was my 
ambition to qualify myself for the profession of a civil engineer, aud 
as I grew np one of my aias toward the attainment of this object was 
the study of a periodical then published in Glasgo\r, and caUed TIle 
Practical ...lIechanic's and Engineer's Magazine. In that journal I 
read, with an interest ul1felt before, a series of es.says on various de- 
partments of science-on anatomy and pl1ysiology, on geology, on 
Inechanic8, on arithmetic, and on natural philosophy aud chemistry. 
Biography and history were also included, while in detached articles 
various collateral suhjects were discussed, such, for example, as the 
difference between S ewton and I.Jeibnitz as to the measure of moving 
force. It was there that I first learned what Leslie had done in Edin- 
burgh, ana what Davy had done in the Boyal Institution. .Ana I 
can now c3.11 to n1Ïna the day and hour when the yearning. to possc
s 
f'uch apparatus as Leslie ana Davy possessed, ana to institute with 
it such inquiries as they had instituted, rose to a kin(l of prophetic 
strength within me-prophetic, for it has come t() pass that my own 
studies as a scientific man haye been in great part pursued in that 
particular domain which had been enriched by the discoveries of Les- 
I A discourse delivered before the Glasgow Science Lectures Association, October 
9, 1876. 


VOL. X.-9 



130 THE POPULAR SCIE.J..YCE .JIO
YTHLY. 


lie; while the very instruments used by Davy, and which I first saw 
figured in the pages of the journal just mentioned, are the identical 
and familiar instruments with which nlY lectures in London are now 
illustrated. 
Another point brought more or less home to me in those early 
day
 was the injury inflicted on the learner by bad scientific exposition. 
It does more than the negative damage of withholding instruction. 
It daunts the young mind, and saps the motive power of self-reliance. 
This I had expprienced; and the essays referred to had this special 
yalue for me, that they not only instructed me, but gave me faith in 
nlY own capacity to be instructed. Since those days I haye written 
hooks myself, and in doing so have tried to remember, and to act on 
the remembrance, that the labor spent in logically ordering one's 
thoughts, ana in saying \VIlat one has to say clearly and correctly, is 
labor well bestowed. 
The position assumed at the outset has, I think, 1)(>en now made 
good. Gla
gow in my case cast its hread npon tbe water
, and lo! 
it has returned after many days. Of the nutritive yalue of the return 
it is not for me to 
peak; for it may well have been soured by for- 
tuite-us ferments, mixed hy the worlel's tainted atnlosphere with tbe 
fir:::;t pun" le:1yen derived from the pages of The pj.actical lJIcc/wnic's 
and EU[Jinee'J"s lJúl[Jllzine. 
The figure of speech here emplo)9cd will he('01ne more intelligible 
as we proceeù; for it is my desire and intentio.n to spend the com- 
ing hour in speaking to you ahout ferments, not in a metaphorical, but 
in a real senso. Proper treatment is, I am persuaJed, the only thing 
needed to make the suhject hoth pleasant and profitable to you. For 
our knowledge of fcrmcntation, and of the ground it covers, has aug- 
mented surprisingly of late, while every fresb accession to that knowl- 
edge strengthens the hope that its final i
sues win be of incalculable 
ad vantage to mankind. 
One of the most r('markahle characteristics of tbe age in which we 
live is its desire and tendency to connect itself organically witll pre- 
ceding ages-to ascertain how the state of things that now is came t9 
be what it is. And the more earnestly and profoundly this JH.ohlern 
is studied, the more clearly comes into view the vast and yaried deht 
which the world of to-day owes to that fore-world in which man, by 
skin, yalor, and well-directed strength, first replenished and 
ubduea 
the earth. Our prellistoric fathers may have he en savages, but they 
were clever ani! ohservant ones. They foundetl agriculture by the 
discovery and de\-elopment of seeds whose origin is now unknown. 
They tamed and harnessed their animal antagonists, and sent them 
down to us as nlinisters, instead of rivals, in the fight for life. Later 
on, when the claims of luxury added themselves to those of necessity, 
we find the same spirit of invention at work. '\Ye have no historic 
account of the first brewer, but we glean from history that his art 
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was practised, and its produce relished, more than two thousand years 
ago. Theophrastus, who was born nearly four hunclred years before 
Christ, described beer as the Mine of barley. It is extremely difficult to 
preserve b('er in a hot country; still, Egypt was the laud in which it 
was first brewed, the desire of man to quench his thirst with this ex- 
hilarating beverage overcoming all the obstacles which a hot climate 
threw in the way of its manufacture. 
Our remote ancestors had also learned by experience that wine 
maketh glad the heart of man. Noah, we are informed planted a 
vineyard, drank of the wine, ana experienced the conseque
ces. But, 
though wine and beer possess so olel a history, a very few years ago 
no man knew the secret of their formation. Indeed, it might lJe said 
that until the present year no thorough and scientific account was ever 
given of the agencies which come into play in the manufacture of beer, 
of the conditions necessary to its health, and of the maladies and vicis- 
situdes to which it is subject. Hitherto, indeed, the art and practice 
of the brewer have resembled those of the physician, both being 
founded on empirical observation. By this is meant the observation 
of facts apart from the principles which explain them, and which 
give the mind an intelligent ma
tery over them. The bre"wcr 
learnecl from long experience the cOll(lition
, not the reasons, of suc- 
ces
. But he had to contend, and he has still to contend, against un- 
eXplained perplexities. Over and over again his care has been ren- 
dered nugatory; his beer has fallen into acidity or rottenness, a11c1 
disastrous losses have been sustained of which he has been unable 
to assign the cause. It is the hidden enemies against which the phy- 
sician and the brewer have hitherto contenaed that recent researcheg 
are dragging into the light of day, thu8 pr('paring the way for their 
final extermination. 
Let us glance for a moment at the outward and visible signs of 
fermentation. A few weeks ago I paid a visit to a printte still ill a 
Swiss chalet; and this is what I saw: In the peasant's bedroom was 
a cask with a ver y larO'e bnnO'-hole carefully closecl. The cask con- 
o 0 
 
tained cherries which hacllain in it for fourteen da.ys. It was not en- 
tirely fillecl with the fruit, an air-space being left above the cherries 
when they were pnt in. I had the bung removed, and a small lamp 
dipped into this space. Its flame was instantly extinguishef1. The 
oxygen of the air had entirely disappeared, its place heing taken hy 
carbonic-acid gas. 1 I tasted the cherries; they were very sour, though 
when put into the cask they were sweet. The cherries and. the liquid 
associated with them were then pbced in a copper boiler, to which a 
copper head was closely fittetl. From the head proceeded a copper 
tube which passed straight through a vessel of cold water, and issued 
at the other sidf'. Under the open end of the tube was placed a bottle 
1 The gas which is exhaled from the lungs after the oxygen of the air has done its duty 
in purifying the blood, the same also which effervesces from soda-water and champagne. 



13Z THE POPULAR SOiENOE lJIO.J.VTHLJ.... 


to receive the spirit distilled. The flame of small wood-splinters being 
applied to the boiler, after a time val)or rose into the head, passed 
through the tuLe, was condensed by the cold of the water, and fell in 
a liquid fillet into the bottle. On being tasted, it proved to be that 
fiery and intoxicating spirit known in COlnmerce as l{irsch or Kirsch- 
wasser. 
The cherries, it should be remembered, were here left to themselves, 
no ferment of any kind being added to them. In this respect what 
has been said of the cherry applies also to the grape. At the vintage 
the fruit of the vine is placed in proper vessels, and abandoned to its 
ow'n action. It ferments, producing carbonic acid; its sweetness dis- 
appears, and at the end of a certain tim<> the unintoxicating grape- 
juice is converted into intoxicating wine. JIere, as in the case of the 
cherries, the fermentation is spontaneous-in what sense spontaneous 
will appear more clearly by-anel-Ly. 
It is needless for me to tell a Glasgow audience that the beer- 
brewer docs not 8et to work in this way. In the first l)Iace the brewer 
deals not with the juice of fruit
, hut with the juice of barley. The 
Ladey having been steeped for a sufficient time in water, it is drained, 
and subjected to a temperature snfficient to cause the moist grain to 
germinate; after which, it is cOInpletely dried upon a liln. It thpn 
receives the llame of malt. The malt is cI'if-.p to the teeth, and de- 
cidedly sweeter to the taste thall the original barley. It is ground, 
mashed up in warm water, then boilerl with hops ulltil all the soluble 
portions have been extracted; the infusion thus produced being called 
the ?.l'ort. This is drawn oft: and cooled as rapidly as lwssiLle; then, 
ill
tead of ahandoning the infusion, as the wine-maker does, to .its own 
action, the brewer mixes yeast with his wort, and places it in vessels 
each with only one aperture open to the air. Soon after the addition 
of the yeast, a brownish froth, which is really new yca
t, i
sues from 
the aperture, and falls like a cataract into troughs In'epared to receiye 
it. This frothing and foaming of the wort is a IH'oof that tlw fermen- 
tation is actiye. 
'Vhence comes the yeast which issues so copiously from the fer- 
menting-tub? "\Yhat is this yeast, and how did the brewer become 
in the first instance pòssessed of it ? Examine it
 quantity before and 
aftel' fermentation. The brewer introduces, say, 10 cwt
. of yeast; he 
collects 40, or it may he 50 cwts. The yeast has, therefore, augmented 
from four to five fo
d during the fermentation. Shall wc conclude that 
this additional yeast has l)een spontaneously generated l)y the wort? 
.Are we not rather reminded of that seec1 which feU into good ground, 
and brought forth fruit, some thirty-fold, some sixty-fohl, !'Iome a 
hundred-fold? On examination this notion of organic growth turns 
out to be more than a mere 
nrmi
e. In the year 1680, when the 
Inicroscope 'was still in its infancy, Leeuwenhoek turned tbe instru- 
ment U}10n this substance, and found it composed of minute globule
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suspended in a liqnia. Thus knowledge rested until 1835, when Ca- 
gnianl de la Tour in France, and Schwann in Germany, independently, 
but animated by a common thought, turned microscopes of improved 
definition and heightened powers upon yeast, ancl founcl it budding 
and sprouting before their eyes. The augmentation of the yeast al- 
luded to above was thus IHoved to arise from the growth of a minute 
plant, now called Torula (or Sacchar01nyces) cerevisiæ. Spontane- 
ous generation is therefore out of the question. The brewer deliber- 
ately sows the yeast-plant, which grows and multiplies in the wort as 
its proper soil. This di8covery marks an epoch in the history of fér- 
mentation. 
But where did the brewer find his yeast? The reply to this ques- 
tion is similar to that which must be given if the brewer were asked 
where he found his barley. lIe has received the seeds of both of them 
from preceding generations. Could we connect without solution of 
continuity the present with the past, 'we should prohably be able to 
trace back the yeast employed by my friend Sir Fowell Buxton to- 
day to that employed by some Egyptian brewer two thousand years 
ago. But you may urge that there must have been a time when the 
first yeast-cell was generated. Granted-exactly as there was a time 
when the first barley-corn was generated. Let not the delusion lay 
holcl of yon, that a liying thing is easily generated, l)Ccause it is 
8mal1. Both the yeast-plant and the barley-plant lose themselves in 
the dim twilight of antiquity, and ill this our day there is no more 
proof of the spontaneous generation of the one than there is of the 
spontaneous generation of the other. 
I stated a moment ago that the fermentation of grape-juice ,vas 
spontaneous; but I was careful to add, "in what sense spontaneous 
will appear more clearly by-and-by." :N ow, this is the sense meant: 
The wine-maker does not, like the brewer and distiller, deliberately 
introduce either yeast, or any equivalent of yeast, into his yats; he 
ùoes not consciously sow in them any plant, or the germ of any plant; 
indeed, he has been hitherto in ignorance whether plants or germs of 
any kind have had anything to do with his operations. Still, when 
the fermented grape-juice is examined, the living Torula concerned in 
alcoholic fermentation never fails to Inake its appearance. llow is 
this? If no living germ has heen introduced into the wine-vat, 
whence comes the life so invariably developed there? 
Yon may be disposed to reply, with Tnrpin and other
, that, in vir- 
tue of its own inherent powers, the grape-juice, when brought into con- 
tact with the vivifying atmospheric oxygen, runs spontaneously and 
of its own accord into these low forms of life. I have not the slight- 
est objection to this explanation, provided proper evidence can be ad- 
ducedln support of it. But the evidence adduced in its favor, as far 
as I am acquainted with it, snaps asunc1er u11(ler the least strain of 
scientific criticism. It is, as far as I can see, the evidence of men 
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who, however keen and clever as observers, are not rigidly-trained ex- 
pu-iJ,tenters. TheRe done are a-ware of the precautiuns necessary in 
inve:::;tigations of this delicate kind. In reference, then, to tlle life of 
the wine-vat, what is the decision of experiment wben carried out by 
cvmpetent nlen? Let a quantity of the clear, fì1tered "must" of the 
grape be Loiled, so a:::; to destroy such germs as it may have contracted 
from the air or otherwise. In contact with germless air the uncon- 
taminated must never ferments. All tbe lnaterials for spontaneous 
gcneration are there, but 80 long as there is no seeù sown tlwrE:' is no 
Efe developed, and no sign òf that fermentation which is the concomi- 
tant of life. N or need rou resort to a boiled liquid. The grape is 
sealed by its own skin against contamination from without. By an 
ingenious device, Pasteur has extracted ii"om the interior of the grape 
it
 purc juice, anù proyed that in contact with pure air it nevcr ac- 
quires the power to ferment itself, nor to produce fermentation in 
other liquids. 1 It is not, therefore, in the interior of the gral)e that 
thc origin of the life ob
crYed in the vat is to be sought. 
,\Yhat, then, is its true origin? This is Pasteur's answer, which his 
well-proved accuracy renJers worthy of all confidence: At the time 
of the vintage little microscopic particles are ol)serveJ adherent, both 
to the outer surface of the grape and of the twigs which support the 
grap
. Brush these particles into a capsule of pure water. It is rt>n- 
dere<l turbid by the dust. Examined hy a microscope, these minute 
pa.rticles are seen to present the appearance of organized cells. In- 
f-tead of receiving them in water, let them be brushed into the pure 
inert juice o( the grape. Forty-eight hours after tbis is done, our 
familiar 
l'm-llla is obscrved budding and t'lHouting, the growth of the 
plant Leing accoIDl'anieù by all tlw other signs of active fermenta- 
tion. 'Yhat is the inference to be drawn from this experiment? Ob- 
yiously that the partieles adherent to the external surface of the 
grape arc the veritable germs of that life which, 3fte1' they have been 
sown ill the juice, appears in such IH'ofusion. 'Yine is sometimes ob- 
jected to on the ground that fermentation is " artificial; " but we no- 
tice here the responsibility of K 3ture. The ferment of the 
raJ)c is 
in fact a parasite of the gr3pe, and the art of the wine-maker from 
timc immnnorial has consif'tecl in bringing-and it may be added, 
ignorantly bringing-two things thus closely associateLl hy X ature 
into actual contact with ench other. For thousands of years, what 
has been donc consciously by the brewer has been done llnconscious- 
1 v bv the wille-O'rower. The one bas sown his leaven just as much as 

 '" b 
the other. 
X or is it necessary to impregnate the beer-wort with leaven to 
pro\Toke fermentation. .Abandoned to the contact of our COlllmon air, 
1 The liquids of the healthy animal body are also sealed from external contamination. 
Neither pure urine, collected fre
h from tbe bladder, nor pure blood, drawn with due 
precautions from the veins, will ever putrefy in contact with pure ail', 
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it sooner or later ferments; but the chances are, that the produce of 
that fermcntation, instead of Leing agrceable, would be disgusting to 
the taste. By a rare accident we might get the true alcoholic fer- 
mentation, hut the odùs against oùtaining it would he enormous. 
Pure air acting upon a lifeless liquid will never provoke fermentation; 

ut our ordinary air is the vehicle of numberless germs which act as 
ferments when they fall into appropriate infusions. Some of them pro- 
ùuce acidity, some putrefaction. The germs of our yeast-plant are 
also in the air; but so sparingly distributed that an infusion like beer- 
wort, exposed to the air, is almost sure to be taken pm::session of by 
foreign organisms. In fact, tbe maladies of beer are whully due to 
the ft,dmixture of these objectionable ferments, whose forms and modes 
of nutrition diffCJ" materially from those of the true leaven of beer. 
,y orking in an atmosphere charged with the germs of these organ- 
isms, you can understand how easy it is to fall into error in studying 
the action of anyone of them. Indeed, it is only the most accom- 
plished experimenter, who, moreover, avails himself of every means 
of checking his conclusions, that can walk without tripping through 
tlJÏs land of pitfalls. Such a man is the French chemist Pasteur. He 
has taught us how to separate the commingled ferments of our air, and 
to study their pure inàividual action. Guided ùy him, let us fix our 
attention more particularly upon the growth and action of the true 
yeast-plant under different conditions. Let it be sown in a ferment- 
a11e liquid, which is supplied with l)lenty of })ure air. The plant 
will flourish in the aërated infusion, ::mù proc1u
e large quantities of 
carbonic-acid gas-a compound, as you know, of carbon anù oxygen. 
The oxygen thus consumed by the plant is the free oxygen of the 
air, which we suppose to be abundantly supplied to the liquid. The 
action is so far similar to the respiration of animals, which in
pire 
oxygen and expire carbonic acid. If we examine the liquid even 
when the vigor of the plant has reached its maximum, we hardly find 
in it a trace of alcohol. The yeast has grown and flourished, Lut it 
has almost ceased to act as a ferment. And could eyery inJividual 
yeast-cell seize, without any impediment, free oxygen from the sur- 
rounding liquid, it is certain that it woulù cease to act as a ferment 
altogether. 
'Vhat, tlwn, are the conditions under which the yeast-plant mnst 
be placed so that it may display its characteristic quality? Heflec- 
tion on the facts already referred to suggests a reply, and rigid ex- 
periment confirms the suggestion. Consitler the Alpine cherries in 
their closed vessels. Consider the beer in its barrels, with a single 
small aperture open to the air, through which it is observed not to 
im bibe oxygen, but to pour forth carbonic acid. 'Yhence come the 
volumes of oxygen necessary to the production of this latter gas? 
The small quantity of atmospheric air dissolved in the wort and over- 
lying it would be totally incompetent to supply the necessary o\':ygen. 
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In no other way can the yeast-})lant obtain the gas necessary for its 
respiration than by wrenching it from surrounding substances in wbich 
tbe oxygen exists, not free, lmt in a state of combination. It decom- 
poses the sugar of the solution in which it grows, produces heat, 
breathes forth carbonic-acid gas, and one of the liquid products of 
the decomposition is our familiar alcohol. The act of fermentation, 
then, is a result of the effort of the little plant to maintain its respira- 
tion by means of combined oxygen, when its supply of free oxygen is 
cut off. As detined by Pasteur, fermentation is life 'tcitlwut air. 
But here the kno"\y]edge of that thorough investigator comes to 
our aiel to warn UR against errors which haxe "Leeu committed OVel" 
and over again. It is uot all yeast-cells that can thus live without air 
and provoke fermentation. TIley must be young cells which have 
caught their vegetative vigor from contact with free oX)Tgen. TIut, 
-once ])ossessed of this vigor, the yeast lllay l)e transplanted into a 
saccharine infusion absolutely purged of air, where it will continue to 
live at the expense of the oxygen, carbon, and uther constitU(:nts of 
the infusion. Under these new conditions its life, as a plan.t, will he 
by no means so vigoJ"oUR as when it had a su})ply of free oxygen, but 
its action as a fe1"'rltent will be indefinitely greater. 
Docs the yeast-plant stand alone in its power of provoking alco- 
holic fermentation? It would l)e singular if amid the multitude of 
low vegetable forms no other could be found capaùle of acting in a 
similar way. And here, again, we have occasion to marvel at that sa- 
gacity of observation among the ancient8 to which we owe so vast a 
debt. Not only did they discover the alcoholic ferment of yeast, but 
they haa to exercise a wise selection in picking it out fronl other
, and 
giving it 
pecia.l prominence. Place an old hoot in a moist ]>1:1ce, or 
expose common paste or a })ot of jam to the air: it soon becomes 
coated with a blue-green mould, which is notI1Ïng ell'e thall the fructi- 
fication of a little plant called .l>cnicilliwn glaucl.lm. Do not imagine 
that the mould has sprung spontaneously from boot, or })aste, or jam; 
its germs, which are almnt]ant in the air, have been sown, and ha.ve 
germinated, in as legal and legitimate a way as thistle-heeds wafted 
hy the wind to a proper soil. Let the minute spores of Penicilliu'J1
 
he sown in a fermentable liquid, which has been l)reviously boiled in 
oreler to kill all other spores or seeds which it m:JY contain; let pure 
air have free access to the mixture: tlle Penicilliu'J1
 will grow rapidly, 
Rtrikiug long fil:unents into the liquid, and fructifying at its :mrface. 
Test the infusion at various stages of the plant's growth: you win 
never find in it a trace of alcohol. But forciLly submerge the Httle 
})lant, push it down deep into the liquid, where the quantity of free 
ox.ygen that can reach it is insufficient for its needs: it immediately 
begins to act as a ferment, supplying itself with oxygen by the decom- 
position of the sugar, and producing alcohol as one of the results of 
tIle decomposition. l\Iany other low microscopic plants act in a similar 
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manner. In aëratec11iquic1s they flourish without any production of 
alcohol, but cut off from free oxygen they act as ferments, producing 
alcohol eÅactly as the real alcoholic leaven produces it, 
Illy less co- 
piously. For all this knowledg{' we are indehted to Pasteur. 
In the cases hitherto considerec1, the fermentation is 1) roved to 
be the invariable correlative of life, being lwoducec1 hy organisms 
foreign to the fermentable substance. But the substance it
clf may 
also have within it, to some extent, the motive power of fermenta- 
tion. The yeast-plant, aR we have learned, is an assemùlage of liv- 
ing cells; ùut so at bottom, as shown by Schleitlcll ana Schwann, 
are all living organisms. Cherries, apples, peaches, l)cars, })lums, 
and grapes, for example, arc composed of cells, each of which is a 
living unit. And here I have to direct your attention to a point of 
extreme interest. In 1821, the celebrated French chemist, Bérard, 
established the important fact that all ripening fruit, exposed to the 
free atmosphere, absorbed the oxygen of the atmosphere, and liber- 
ated an approximately equal volume of carbonic acid. lIe also found 
that, when ripe fruits were placed in a confined atmosphere, the oxy- 
gen of the atmosphere was first absorbed, an\.l an equal quantity of 
carbonic acid given out. But the process did not eud here. .After 
the oxygen had vanished, carbonic acid, in considerable quantities, 
continned to be expired by the fruits, which at the same time lost a 
portion of their sugar, becoming more acrù to the taste, though the 
absolute quantity of acid was not augmented. This was an ohserva- 
tion of capital importance, and Béranl hall the sagacity to remark 
that the process might he regarded as a kind of fermentation. 
Thus the Ii \Ting cells of fruits can absorb oxygen and breathe out 
carbonic acid, exactly like the living cells of the leaven of beer. 
Supposing the access of oxygen suddenly cut ofl
 will the living 
fruit-celh, as sudJenly die, or will they continue to live as yeast lives, 
by extractin 6 oxygen from the saccharine juices round them? This 
is a question of extreme theoretic significance. It 'was first answered 
affirmatively by tbe able and conclusive experiments of Lecharticr 
ana Bellamy, and the answer was subsequently confirmeJ and ex- 
plained by the experiments and the reasoning of Pasteur. Déranl 
only showed the absorption of oxygen ana the production of car- 
bonic acid; Lechartier and Bellamy prov
d the production of alco- 
hol thus com l JletinO' the evidence that it was a case of r
al fermenta- 
, 0 
tion. Influenced by his theoretic views, so full was l>asteur of the 
iJea that the cells of a fruit would continue to live at the expense 
of the sUITar of the fruit that once in his laborator y , while convers- 
o , 
ing on these subjects with 
I. Dumas, he exclaimed," I w
n w.ag<:r 
that if a grape be plunged into an atmosphere of carbollic aCII1, It 
will produce alcohol and carbonic acid by the continued life of its 
own cells-that they will act for a time like the cells of the true al- 
coholic leaven." He made the experiment, and found the result to 
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be what he had foreseen. lIe then exteuded the inquiry. Placing 
under a bell-jar twenty-four plums, he fillecl the jar with carbonic- 
acid gas; ùesicle it he l)laeecl twenty-four similar l,lums uncovered. 
At the end of eight days he removed the plullls from the jar, and 
compared them with the others. The ùiffcrcnce was extraordinary. 
The uncovered fruits haa ùecome soft, \yatery, find very sweet; the 
others were firm ana hard, their fleshy portions being not at all 
watery. They had, moreover, lost a considerable quantity of their 
sug:u. They were afterward bruised, and the juice distilled. It 
)Tielded six and a I.alf granunes of alcohol, or one })er cent. of the 
total weight of the })IUlllS. K either in these plumE!, nor in the grapes 
first experimented 011 Ly Pasteur, could any trace of the onlinary 
alcoholic leaven be fOllnd. The fermentation was the work of the 
Ii viug cells of the fruit itself, after air had been ùenieil to them. 
\Yheu, moreover, the cells were destroyed Ly Lruising, no fernH.'nta- 
tion ensued. The fermentation was the correlative of a vital act, 
and it ceased when life was extinguished. 
Lü<lcrs(]orf was the first to show l,y this mpthod tllat yeast acted, 
not, as LieLig had assumed, in virtue of its organic, but in virtue of 
its O}'!J(l}tÏzed, charactl'r. lIe destroyed the cells of yea
t by rnLhing 
them on a ,ground-glass 1'late, and founel that with tlJC (h.struction 
of the organism, though its clwmical constituents remailleLl, the 
power to act as a fermcut totally disappeared. 
One word more in reference to Lieùig may find a place here. To 
the l)hilosophic chemist thoughtfully pondering these pl1Cllomena, 
f
lllliliar with the conception of molecular motion, and the ('hanges 
})rotlneed Ly the interactions of purely chemical forces, nothing 
could be more natural tlwu to see in the process of fermentation a 
simple illustration of molecular in
tability, the ferment propagating to 
surrounding molecular groups the overthrow of its own tottering ('0111- 
Linations. Broadly considered, indeed, there is a certain amount of 
truth in this theory; Lut Liebig, who J?ropounded it, missed the very 
kernel of the phenomena when he overlooked or contemned the part 
played in fernlentation Ly microscopic life. lIe looked at the matte.!; 
too little with the eye of the Lody, and too l11uch with the spiritual 
eye. lIe practically neglected the microscope, and was unmoved by 
the knowledge which its revelations would haye poureù in upon his 
mind. IIis h)
l)othesis, as I have said, was natural-nay, it 'Was a 
f'triking illustration of Liebig's power to penetrate and unveil mo- 
lecular actions; but it was all error, and as Ruch has proved an 'ignis 
fatuus iusteaa of a. plnlJ.os to some of llÍs followers. 
I have 
aid that our air is full of the germs of ferments differing 
from the alcoholic leaven, and sometimes seriously interfering with 
the latter. They nre the weetls of this microscopic garden which 
often oYer
haaow and choke tbe flowers. Let ns take nn illustrative 
case. Expose hoiled milk to the air. It will cool, ana then turn 
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sour, separating like blood into clot and serum. Place a drop of this 
sour milk undcr a powerful microscope and watch it closely. You 
see the Ininute butter-globules animated by that curious quivering 
motion called the Brownian nlOtion. 1 But let not this attract your 
attention too much, for it is another motion that we have now to seek. 
IIere and there ýou observe a greater disturbance than ordinary 
among the globules; keep your eye upon the place of tumult, and 
you will probably see emerging frOln it a long, eel-like organism, toss- 
ing the glohules aside and wriggling more or less rapidly across the 
field of the microscope. Familiar with one sample of this organism, 
which from its motions receives the name of vibrio, you soon detect 
numh(
rs ot' them. It is these organisms which, by decomposing the 
luilk, render it sour. This vibrio is in fact the butyric-acid ferment, 
as the yeast-plant is the alcoholic ferment. I\:eep the vibrio and its 
germs out of your Inilk allcl it will never turn sour. But, instead of 
becoming sour, milk Illay become putrid. rrhis is due to the action of 
another living ferment. Examine your putrid milk microscopically, 
ana you find it swarming with organism
 much shorter than tIle 
Yibri
s, and manifesting sometimes a wOl1(lerful alacrity of motion. 
I{eep this smaller organism and its germs out of your milk and it will 
never putrefy. Ex:pose a nlutton-chop to the air and keep it moist; in 
summer weather it soon stinks. Place a drop of the juice of the fetid 
chop under a powerful microscope; it is seen swarming with organ- 
isms resembling those in the putritl milk. These organisms, which 
receive the common name of bacteria,
 are the agcnt
 of all putrefac- 
tioll. I\:eep them and their germs from yonI.' meat and it will remain 
forever sweet. Thus we begin to see tha.t within the world of life to 
which we ourselves belong there is another living world requiring 
the microscope for its discernment, but which, nevertheles
, has the 
most important bearing on the welfare of the higher life-world. 

\.na now let us rc:1son toO"ether as reO"ards the orio.in of these hac- 
o 0 0 
teria. A granular powder is placed in your hands, and you are asked 
to state what it is. You examine it, and have, or have not, reason to 
suspect that seed
 of some kinJ are mixed up in it. But you prepare 
a bed in your gard.en, sow in it the powrler, anll soon after find a 
mixed crop of docks and thistles sprouting from your bed. Until this 
powd<.'r wa
 sown neither docks nor thistle;; ever made their appear- 
ance in your gar<.len. Yon repeat the experiment once, twice, ten 
times, fifty times. From fifty different heùs after the sowing of the 
powder you obtain the sa
lle crop. 'Vhat will be your response to 
the question proposed to you? "I am not in a condition," yon would 
say, "to affirm that every grain of the powder is a dock-seetl or a 
thistle-seeù. but I am in a condition to affirm that both clock and 
, 


1 'Vhich I am inclined to rcgard a3 an effect of surface ten3ion. 
i Doubtle:;s organisms exhibiting gl'a'-e specific differences are grouped together 
. 
unùer thi8 common namc. 
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thistle seeds form, at all events, part of the pow-der." Supposing a 
succession of such powders to be place(l in your hands with grains 
becoming gradually smaller, until they dwindle to the size of impal- 
pable dust-particles; assuming that you treat them all ill .the same 
\yay, and that from everyone of them in a few days you obtain a 
definite crop-it may be cloveI', it may be mustard, it may be migno- 
nette, it may he a l)lant more minute than any of these-the smallness 
of the particles, or of the plants that spring from them, does not affect 
the validity of the conclusion. 'Vithout a shadow of misgiving you 
would conclude that the powder must llave contained the seeds or 
germs of the 1ife observed. There is not in the range of physical 
science all experimcnt morc conclusive }wr an inference safcr than 
this one
 
Supposing the powder to he light enough to float in the air, and 
that you are enabled to see it thcre just as plainly as you saw the 
heavier powder in the palm of your hand. If the dust sown by the 
:lir insteall of by the hand produce a definite living crop, with the 
S
Llne logical rigor you would conclude that the germs of this crop 
must be mixeå with the dust. To take an illustration: The spores 
of the little plant .1}enicillinrn [Jlaucum, to which I have already re- 
ferred, are light enough to float in the air. A cut apple, a pear, a to- 
mato, a slicc of vegetablc marrow, or, as already mentioned, an old 
moist boot, a dish of paste, or a pot of jam, constitutes a proper soil 
for the Penicilliurn. Now, if it could be proved that the dust of the 
air when sown in this soil produces this plant, while, wanting the 
dust, neither the air }wr the soil, nor both together, can proùuce it, it 
would be obviously just as certain in this case that the floating dust 
contains the germs of Penieilliu1ìl. as that the powòers sown in your 
garden contained the germs of the pla.nts which sprnng from them. 
B1_It how is the floating dust to be rcnderct1 visible? In this way: 
Build a littl<> chamber anò provide it with a door, windows, and win- 
dow-shutt('rs. Let an al1crtnl'e he made in onc of the shutters through 
wl1Ích a sunbeam can pass. Close the door and windows, so tllat no 
light shall enter save through the hole in the shutter. The traek of 
the sunbeam is at first perfectly plain and yivid b the air of the room. 
If all disturbance of the air of the chambcr be avoided, the luminous 
track will become fainter and t
1Ïnter, until at last it disappears abso. 
lutely, and no trace of the beam is to be seen. 'Yhat rendered the 
beam visible at first? The floating dust of the air, which, thus illu- , 
minated anr1 ob
erved, is as palpable to sense as any dust or powder 
placed on the palm of the hand. In the still air the dust gradually 
sinks to the floor, or sticks to the walls or ceiling, until, filJally, by 
this self-cleansing process, the air is entirely freed from mechanically 
suspenl1ed matter. 
Tlnls far, I think, we have made our footing sure. Let ns proceed. 
Chop up a beefsteak and allow it to remain for two or three llours 
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just covered with warm water; you thus extract the juice of the heef 
in a concentrated form. By properly boiling the liquid and filtering 
it you can ubtain from it a perfectly transparent becf
tea. Expo
e a 
numùer of vessels containing this tea to the moteless air of yuur cham- 
ber, and expose a number of similar vessels containing preeis
ly the 
same liquid to the dust-laden air. In three days everyone of the lat- 
ter stinks, and, examined with the microscope, everyone of them is 
found swarming with the bacteria of putrefaction. .....\.fter three months, 
or three years, the beef-tea within the chamber is found in every caSe 
as sweet and clear, and as free from bacteria, as it was at the moment 
when it was first put in. There is absolutely no difference between 
the air within and that without, save that the one is dustless and the 
other dust-laden. Clinch the experiment thus: Open the door of your 
chamber and allow the dust to enter it. In three days afterward you 
have every vessel within the chamber swarming with bacteria, and in a 
state of active putrefaction. IIm.e, also, the inference is quite as certaiu 
as in the case of the powder sown in your garden. :Multiply your proof
 
by buillling fifty chambers instf'acl of one, and by employing every im- 
aginable infusion of wild animals and tame; of flesh, fish, fowl, and yis- 
cera; of vegetables of the most various kinds. If, in all these cases, 
you find the dust infallibly producing its crop of bacteria, while neither'.' 
the dustless air nor the nutritive infusion, nor both together, are eyer 
able to produce this erop, your conclusion is simply irresistible that 
the dust of the air contains the germs of the crop which has appeared 
ill your infusions. I repeat, there is no inference of experimental sci- 
ence more certain than this one. In the presence uf such facts, to use 
the words of a paper lately published in the "Philosophic
l Transac- 
tions," it would be simply monstrous to affirm that these swarming 
crops of bacteria are spontaneously generated. 
Is there, then, no experimental lwoof of spontaneous generation? 
I answer without hesitation, none! But to doubt the experimental 
proof of a fact, and to deny its possibility, are two different things, 
though some writers confuse matters l)y making them Rynonymous. 
In fact, this doctrine of spontaneous generation, in one f
rm or an- 
other, falls in with the theoretic beliefs of some of the foremost work- 
ers of this age; but it is exactly these men who have the penetration 
to see, and the honesty to expose, the weakness of the eviùence aa- 
<.luced in its support. 


Ana here obserye how these discoveries tally with the common 
practicps of life. IIeat kills the bacteria, cold numbs them. 'Vhen 
my housekeeper has l)heasallts in charge which she wi
hes to keep 
sweet, hut which threaten to give wa)"', she partially cooks the birds, 
kills the infant bacteria, and thus po
tpones the moil day. By boiling 
her Inilk she also extends its period of sweetness. Some weeks ago, 
in the 
\.lps, I made a few experiments on the influence of cold upon 
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ants. Though tbe sun was strong, patches of snow still maintained 
themselves on the Inountain-slopes. The ants were found in the warm 
grass and on the warlll rocks adjacent. Transferred to the snow, the 
rapidity of their paralysis was surprising. In a few seconds a vigor- 
ous ant, after a few languid struggles, would wholly loge its })ower of 
locomotion, and lie practically dead upon the snow. Transferred to 
the warm rock it would redve, to be again smitten with death-like 
numbness when retransferred to the snow. 'Yhat is true of the ant 
is specially true of our bacteria. Their active life is suspended by 
cold, and with it their power of producing or continuing putrefaction. 
This is the whole philosophy of tbe preservation of meat 11Y cold. 
The fish-monger, for example, when he surrounds l1Îs very assailable 
wares by lumps of ice, stays the process of putrefaction by reducing 
to numùness and inaction the organisms which produce it, and in the 
absence of which his fish would continue s,veet and sound. It is the 
astonishing activity into which these bacteria are pushed by warmth 
that renders a single summer's day sometimes so disastrous to the 
great ùutclJCrs of London and Glasgow. The bodies of guides lost in 
the
revices of ..Alpine glaciers have come to the surface forty years after 
their interment without the flesh showing any sign of putrefaction. 
nut the most astonishing case of this kind is that of the hairy elephant 
of Siberia which was found incased in ice. It had b('en buried for 
agl's, but when laid bare its flesh was sweet, and for some time afforded 
copions nutriment to the wild beasts which fed upon it. 
Beer is assailable by aU the organisms here referred to, some of 
which produce acetic, Home lactic, and some butyric acid, while )Teast 
is open to attaek from the bacteria of putrefaction. In relation to 
the particular Leverage the brC\ver wishes to proc1uce, these foreign 
fermen1 s l1a ve been properly caBed ferments of disease. The cells of 
the true leaven are glohules, usually f'omewhat elongated. The other 
organisms arc more or less rod-like or eel-like in f'hape,. some of them 
1eing beaded so as to resemble necklaces. Each of these organisms 
produces a fermentation and a flayor peculiar to itself. I\:eep them 
out of your ùeer and it rf>nlains forever unaltered. Kever witbout 
them will your beer contract disease. But their germs are in the air, 
in the vessels employed in the brewery, even in the yeae.t used to im- 
pregnate the wort. Consciously or unconsciously, the whole art of the 
brewer is directed against them. His aim is to paralyze if he cannot 
annihilate them. 
For beer, moreover, the qne8tion of temperature is one of 8UpreJne 
importance; indeed, the recognized inflnenèe of temperature is caus- 
ing on the Continent of Europe a complete revolution in the manu- 
f:lcture of beer. When I was a student in Berlin, in 18,51, there were 
certain l)bces specially devote<.l to the f'ale of Bavarian beer, which 
was then making its way into public f:lyor. The beer is prepared. by 
what is called the process of low fcrrnentation / the name being 
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given partly because the yeast of this be
r, instead of riÚnO' to the 
top and issuing through the bung-hole, falls to the botton
 of the 
cask; but pftrtly, also, because it is produced at a low temperature. 
The other and older process, called high ferlnentation, is far more 
handy, expeditious, and cheap. In high fermentation eight &lYS 
uf- 
flce for the production of the beer , . in low fermentation ten tifteen 
" , 
even twenty days, are found necessary. '7" ast quantities of ice, more- 
. over, are consumed in the process of low fermentation. In the 
illgle 
brewery of Dreher, of Vienna, 100,000,000 pounds of ice are con- 
sumed annually ill cooling the wort and beer. N otwith"itandiuf" 
o 
these obvious and weighty drawbacks, the low fermentation is rapidly 
displacing the high upon the Continent. IIere are some stati"ticR 
which show the number of breweries of both kinds existiuO' in ßohe- 
o 
mia in 1860, 1865, and 1870 : 


High fermentation 
Low fermentation 


1860. 
281 
135 


1865. 
81 
4:>9 


15;-0. 
18 
831 


Thus in ten years the number of high-fermentation breweries fell 
from 281 to 18, while the number of low-fermentation breweries rOf'e 
from 135 to 831. The sole reason for this vast change-a change 
which involves a .greater expenditure of time, labor, and money-is 
the additionftl command which it gives the brewer oyer the fortuitous 
ferments of disease. These ferments, which, it is to be remembered, 
are living organisms, have their activity suspended by temperatures 
below 1\)0 C., and as long as they are reduchl to torpor the beer re- 
l11aills untainted either by acidity or putrefaction. The beer of low 
fermentation is brewed in winter, and kept in cool cellars; the 
brewer being thus ena11ed to dispose of it at his leisure, instead of 
forcing its consumption to avoid the loss involved in its alteration if 
kept too long. IIops, it may be remarked, act to some extent as an 
antiseptic to beer. The essential oil of the hop is bactericiLlal: hence 
the strong impregnation with hop-juice of all beer intended for ex- 
portation. 
Thes3 low organisms, which one might be disposed to reganl as 
the l)eginllings of life, were we not warned that the microscope, 
precious and perfect as it is, has no power to show u-; the real hegin- 
nings of life, are by no means purely useless or purely mischic,.ou,;; 
ill the economy of K ature. They ftre only noxious when out of thcir 
proper place. They exercise a useful antI valuaùle> function as the 
burners ftl1<.l consumers of dead matter, animal and vegctahh', n Ilueing 
such 111a tter, with a rapidity otherwise unattainable, to innocent car- 
bonic aci(l ana water. Furthermore, they are not all alike, 3.1Hl it is 
only restrictcd classes of them that are really <langerom;: to man. 
One dift(
rence in their hahits is worthy of special reference here. 
Air, or rather the oxygen of the air, which is absolutely necessary to 
the support of tllf' hacteria of pntrcf:lction, is aùsolntdy deadly to 



144 TIIE POPUL.L1R SCIE.LYCE ltIO....YTHLY". 


the vibrios which l)rovoke the butyric-acid fermentation. This is 
most simply illustrated by the following beautiful obseryation of Pas- 
teur : You know the way of looking at these small organisms through 
the microscope. .1\ drop of the liquicl containing tIlem is placed 
upon glass, and on the drop is placed a circle of exceedingly thin 
glass; for, to magnify them sufficiently, it is necessary that the mi- 
croscope should come "Very close to the organisms. Hound the edge 
of the circular plate of glass the liquid is in contact with the air,. 
and incessantly absorbs it, including the oxygen. IIcre, if the drop 
be charged with bacteria, we have a zone of very lively ones. But 
through this living zone, greedy of oxygen and al)propriating it, the 
vidfying gas cannot penetrate to the centre of the film. In the mid- 
dle, therefore, the bacteria die, while their peripheral colleagues con- 
tinue active. If a Imbble of air chauce to be inclosed in the film, 
round it the bacteria will pirouette and wabble until its oxygen has 
been absorbed, after which all their motions cease. Precisely the 
reverse of all this occurs with the vilJl.ios of butyric acid. In their 
case it is the peripheral organisms that are first killed, the central 
OllCS remaining vigorous while ringed by a zone of dead. Pasteur, 
moreover, filled two vessels with a liquitl containing these ,.ibrios: 
through one vessel he led air, and killed its vibrios in half an hour; 
through the other he led carbonic acid, aud after three llOÚrs found 
the vibrios fully active. It was while observing these differences of 
deportment fifteen years ago that the thought of life withont air, and 
its bearing npon the theory of fermentation, flashed upon the mind of 
this a(huirable inve
tigator. 
And here I am tempted to inquire how it is that during the last 
five or six years so numy of the cultivated English and American pub- 
lic, illc1udillg memùers of the medical profC'5sion and contributors to 
some of our most intclJpC'tnal journals, could be so turned asitle as 
they have been frOln the pure well-spring of 8cientific truth to be 
founel in the writings of Pasteur? The reason I take to be, that, 
whlle against unsound logic a healthy mind can always defend itself, 
against unsound experiment without discipline it is defenseless. To 
judge of the soundness of scientific data, and to reason from data 
assumed to he sound, are two totally difièrent things. The one 
deals with the raw Inaterial of fact, the otlH'r with the logical text- 
ures woven from that material. Now, the logical loom may go accu- 
rately through all its motions, wllile the won'J1 fibres may be all rot- 
ten. It is this inaùili.ty, through lack of eclucation in experimcnt, to 
judge of the soundness of experimental work, which lies at the root 
of the defection from Pasteur. 
I will cite an example of this mistake of judgment. Between the 
large-type articles and the reviews of the Satw'day Rcoicw es
ays on 
various suhjects are interpolated. On Alpine slopes and in the calm 
of snmmer evenings, while reading these brief essays, I have been 
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many a time impressed, not only with their sparkling cleverness, but 
with their <.leep-searching wisdom and their wealth of spiritual expe- 
rience. In this central region of the Review the question of sponta- 
neous generation has been taken up and discussed. The writer is not 
a whit behind his colleagues in literary brilliancy and logical force. 
But, having no touchstone in his own experience to enable him to dis- 
tinguish a good experiment from a bad one, he has committed, on the 
point 01 the gravest practical import, the influence of the powerful 
journal in which he writes to the support of error. It is onJy, I 
would repeat, by practice among facts that the intellect is prepared 
to judge of facts, and no mere logical acuteness or literary skill can 
atone for the want of this necessary education. 
We now approach an aspect of this question which concern
 us 
still more closely, and which will be best illustrated by an actual fact. 
A few years ago I was bathing in an Alpine stream, and, returning to 
my clothes from the cascade which had been D1Y shower-bath, I 
slipped upon a block of granite, the sharp crystals of which stamped 
themselves into my naked shin. The wound was an awkward one, 
but, being in vigorous health at the time, I hoped for a speedy recov- 
ery. Dipping a clean pocket-handkerchief into the stream, I wrapped 
it round the wound, limped home, and remained for four or five days 
quietly in bed. There was no pain, and at the end of this time I thought 
myself quite fit to quit my room. The wound, when uncovered, was 
found perfectly clean, unintlamed, and entirely free from l)us. Placing 
over it a bit of gold-beater's-skin, I walked about all day. Toward 
evening itching and heat were felt; a large accumulation of pus fol- 
lowed, and I was forced to go to bed again. The water-bandage was 
restored, but it was powerless to check tbe action now set up; arnica 
was applied, but it made matters worse. The inflammation increased 
alarmingly, until finally I was ignobly carried on men's shoulders 
down the mountain, and transported to Geneva, whpre, thanks to the 
kindness of friends, I was immediately placed in the best medical 
hands. On the morning after my arrival in Geneva, Dr. Gautier dis- 
covered an abscess in my instep, at a distance of five inches from the 
woum1. The two were connected by a channel, or sinus, as it is tech- 
nically called, through which he was able to eml)ty the abscess witb- 
out the application of the lance. 
By what agency was that channel formed-what was it that thus 
tore asunder the sound tissue of my instep, and kept me for six weeks 
a prisoner in bed? In the very room where the water-dressing haù 
been removed from my wound and the gold-beater's.skin applicd to it, 
I opened this year a number of tubes, containing perfectly clear m1(l 
sweet infusions of fish, flesh, anù vegetable. These hermetically- 
sealed infusions had been exposed for weeks, both to the sun of the 
Alps and to the warmth of a kitchen, without showing the slightest 
turbidity or sign of life. But two days after they were opened tbe 
TOL. x.-IO 
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greater number of them swarmed with the bacteria of putrefaction, 
the germs of which had been coqtracted from the dust-laden air of the 
room. And, had the })US from my abscess been examined, my memory 
of its appearance leads me to infer that it would have been fouud 
equally swarming with these bacteria-that it was their germs which 
got into my incautiously
opened wound. They were the subtile work- 
ers that burrowed down my shin, dug the aLscess in my instep, and 
})roduced effects which might well ha ve proved fatal to IDe. 
And here we come directly face to face with the labors of a man 
who has established for himself an imperishable reputation in relation 
to this subject, who combines the penetration of the true theorist with 
the skill and conscientiousness of the true experimenter, and whose 
practice is one continued demonstration of the theory that the putre- 
faction of wounds is to be averted by the de
truction of the germs 
- of bacteria. Not only from his own reports of his cases, but from 
the reports of eminent men who have visited his hospital, and from 
the opinions expressed to me by Continental surgeons, do I gather 
that one of the greatest steps ever made in the art of surgery was 
the introduction of the antiseptic system of treatment, practised first 
in Glasgow and now in Edinburgh, by Prof. Lister. 
The interest of this subject does not slacken as we proceed. We 
began with the cherry-cask and beer-vat; we end with the body of 
man. There are persons b01'11 with tbe power of interpreting natural 
facts, as thero are others smitten with everlasting incompetence in 
regard to such interl)retation. To the former class in an eminent 
degree belonged the celebrated philosopher Robert Boyle, whose 
words in relation to this subject have in them the forecast of prophecy. 
"Ana let me add," writes Boyle in his" Essay on the I->athological 
Part of Physik," "that he that thoroughly understands the nature of 
ferments and fermentations shall probably be much better able than 
he that ignores them to give a fair account of divers })henomena of 
several diseases (as well fevers as others) which will perhaps be never 
properly understood without an insight into the doctrine of fermen- 
tations." 
Two hundred years have passed since these pregnant words were 
written, and it is only in this our day that men are beginning to fully 
realize their truth. In the domain of surgery tbe justice of Boyle's 
surmise has been most strictly denlOnstrated. Demonstration is in- 
deed the only word which fitly characterizes the evidence brought 
forward by Prof. Lister. You will grasp in a moment his leading 
idea. Take the extracted juice of beef or mutton, so prepared as to 
be })erfectly transparent, and entirely free from the living germs of 
bacteria. Into the clear liquid let fall the tiniest drop of an infusion 
charged with the bacteria of putrefaction. Twenty-four hours subse- 
quently the clear extract will he found muddy throughout, the tur- 
bidity. being òue to swarms of bacteria generated by the drop with 
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which the infusion was inoculated. At the same time the infusion 
will have passed from a state of sweetness to a state of putridity. Let 
a ùrop similar to that which has proùuced this effect fall into an oven 
wound: the juices of the living body nourish the bacteria as the beef 
or mutton juice nourished them, and you have putrefaction produced 
within the system. The air, as I have said, is laden with floating mat- 
ter which, when it falls upon the wound, acts substantially like the 
drop. Prof. Lister's aim is to destroy the life of that floating matter- 
to kill such germs as it may contain. Had he, for example, dres
eù 
my wound, instea(l of opening it incautiously in the midst of air laden 
with the germs of bacteria, and instead of applying to it gold-beater's- 
f.kin, which probably carried these germs upon its surface, he would 
have showered upon the wound, during the time of dressing, tbe spray 
of some liquid capable of killing the germs. The liquid usuallyem- 
ployed for this purpose is dilute carbolic acid, which, in Lis skilled 
hands, has become a specific against putrefaction and all its deadly 
consequences. 
'Ve now pass the bounds of surgery proper, and enter the domain 
of epidemic disease, including those fevers so sagaciously referred to 
by Boyle. The most striking analogy between a contagium and a 
ferment is to be found in the power of indefinite self-multiplication 
posse
sec1 and exercised by both. You know tbe exquisitely truthful 
figures regarding leaven employed in the New Testament. A particle 
hid in three measures of meal leavens it all. A little leayen leavellcth 
the whole lump. In a similar manner a particle of contagium spreads 
through the human body and may be so multiplied as to strike down 
whole p9pulations. Consider the effect produced upon the system by 
a microscopic quantity of the virus of small-pox. That virus i:5 to all 
intents and purposes a seed. It is sown as leaven is sown, it grows and 
multiplies as leaven grows and multiplies, and it always reproduces 
itself. To Pasteur we are indebted for a series of masterly researche
, 
wherein he exposes the looseness and general baselessness of prevalent 
notions regarding the transmutation of one ferment into another. lie 
guards himself against saying it i2 impossible. The true investigator 
is sparing in the use of this word, though the use of it is unsparillgly 
ascribed to him; but, as a matter of fact, Pasteur has never been able 
to effect the alleged transmutation, while he has been always able to 
point out the ol)en doorways through which the affirmers of such trans- 
mutations had allowed error to march in upon them. l 
The great source of error here has been already allude<l to in this 
discourse. The observers worked in an atmosphere charged with the 
germs of different organisms; the mere accident of first possession 


I Those who wish for an illustration of tbe care necessary in these researches, and of 
the carelessness witb which tbey have in some cases been conducted, will do wen to con- 
sult tbe Rev. 'V. H. DalIinger's excellent" Notes on Heterogenesis," in the October num- 
ber of tbe Popular Science Revielo. 
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rendering now one organism, now another, triumphant. In different 
stages, moreo"er, of its fermentative or putrefactive changes, tlJe 
same infusion may so alter as to be successively taken l)Ossession 
of by different organisms. Such cases. have been add ueed to show 
that the earlier organisms must have been transformed into the later 
ones, whereas they are siml}ly cases in wbich different germs, because 
of changes in the infusion, render themselves valid at different times. 
By teaching us how to cultivate each ferment in its purity-in 
other words, by teaching us how to rear the individual organism apart 
from all others-Pasteur has enabled us to avoid all these errors. 
Aud where this isolation of a particular ol.ganism has been duly effected 
it grows and multiplies indefinitely, but no change of it into another 
organism is ever observed. In l>asteur's researches the Bacterium 
remained a Bacterium, the Vibrio a Vibrio, the Penicillium a Peni- 
- cil1ium, aud the Torula a Torula. Sow any of these in a state of })u- 
rity in an appropriate liquid, you get it, and it alone, in the subse- 
quent crop. In like manner, sow small-pox in the human body, YOUI" 
crop is small-pox. Sow there scarlatina, and your crop is scarlatina. 
Sow typhoid virus, your crop is typhoid-cholera, your crop is c]lOlera. 
The ùisease bears as constant a I'elation to its contagium as the mi- 
croscopic Ol'ganisms just enumerated do to their germs, or indeed as a 
thistle does to its seed. No wonder, then, with analogies so obvious 
and so striking, that the conviction is spreading and growing daily in 
strength that reproductive parasitic life is at the root of epidemic dis- 
ease-that living ferlnents finding lodgment in the body increase there 
find multil)ly, directly ruining the tissue on which they subsist, or 
destroying life indirectly by the generation of l)oisonous compounds 
within the body. This conclusion, which comes to us with a presump- 
tion almost amounting to demonstration, is clinched by the fact tbat 
virulently-infective diseases have been discovered wid} which living 
organisms are 
tS closely and as indissolubly associated as the gl"owth 
of Torula is with the fermentation of beer. 
And here, if you will permit me, I would utter a word of warning 
to well-meaning people. lVe have now reached a phase of this ques- 
tion when it is of the very last importance that ligl1t should once for 
all be thrown npon the manner in which contagiom
 anc.1 infectious 
diseases take root and spread. To this end the action of yarious 
ferments upon the organs and tissues of the living body must be 
studied; the haùitat of each special organism concerned in the pro- 
duction of each specific disease must be detel"minec1, and the mode 
by which its germs are spread abroad as sources of further infection. 
It is only by such ]"igidly accurate inquiries that we <,an obtain final 
and complete mastery over these destroyers. Hence, while abhor- 
ring cruelty of all kinds, while shrinking sympathetically from all 
animal suffering-suffering which nlY own pursuits never call npon 
rue to inflict-an unbiased survey of the field of research now open- 
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ing out before the physiologist causes me to conclude that no greater 
calamity could befall the human race than the stoppage of experi- 
mental inquiry in this direction. A lady whose philanthropy has ren- 
dered her illustrious said to me, some time ago, that science was be- 
coming immoral; that the researches of the past, unlike those of the 
present, were carried on without cruelty. I replied to her that the 
science of I{epler and Newton, to which she referred, dealt with the 
laws and phenomena of inorganic Nature; büt that one great advance 
made by modern science was in the direction of biology, or the sci- 
ence of life; and that in this new direction scientific inquiry, though 
at the outset pursued at the cost of some temporary suffering, wouhl 
in the end prove a thousand times more beneficent than it had ever 
hitherto been. I said this because I saw that the very researches 
which the lady deprecated were leading UH to such a knowledge of 
epidemic diseases as will enable us finally to sweep these scourges of 
the human race from the face of this fair earth. 
This iR a l)oint of such Bpecial importance that I should like to 
bring it home to your intelligence by a single trustworthy illustra- 
tion. In 1850, two distinguished French observers, ]\I
I. Davainne 
and Rayer, noticed, in the blood of animals which had died of tbe 
virulent disease calletl splenic fever, small microscopic organisms 
resembling transparent rods, but neither of them at that time at- 
tached any significance to the observation. In 1861 Pasteur puh- 
lished a memoir on the fermentation of butyric acid, wherein he de- 
scribed the organism which provoked it; and, after reading this 
memoir, it occurred to Davainne that splenic fever might be a case 
of fermentation set up within the animal boay by the organisms 
which had been observed by him and Rayer. This idea has been 
placed beyond all doubt by subsequent research. 
Some years in advance of the labors undertaken by Davainne, ob- 
servations of the highest importance had been made on splenic fm.er 
by Pollender and Brauell. Two years ago, Dr. Burdon-Sanderson 
gave us a very clear account of what was known np to tbat time of 
this disorder. 'Vith regard to the permanence of the contagium, it 
had been provecl to hang for years about localities where it had once 
prevailed; and this seemed to show that the rod-like organisms conhl 
not constitute the contagium, because their infective power was foun(l 
to vanish in a. few weeks. But 'other facts established an intimate 
connection between the organisms and the disease, so that a review 
of all the facts caused Dr. Sanderson to conclurle that the contngium 
existed in two distinct forms: the one" fugitive," and visible as 
transparent rods; the other permanent but "latent," and not yet 
brought within the grasp of the microscope. 
At the time that Dr. Sanderson was writing this report, a young 
German physician, named I\:och, occupied with the duties of his pro- 
fession in an obscure country district, was alrea<.ly at work, npplying, 
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during his spare time, various original and ingenious devices to the 
investigation of splenic fever. He studied the habits of tIle rod-like 
organisms, and found the aqueous humor of an ox's eye to be particu- 
larly suitable for their nutrition. 'Vith a drop of the aqueous humor 
he mixed the tiniest speck of a liquid containing the rods, placed the 
drop under his microscope, warmed it suitably, and observed the sub- 
sequent action. Dnring the first two hours hardly any change was 
noticeable; but at the enù of tbis time the rods began to lengthen, 
and the action was so rapid that at the end of three or fonr hours they 
:ltt
ined from ten to twenty times their originallengtb. At the end of 
a few adùitional hours they had formed fi1aments in many cases a bun- 
dred times the length of the original rods. rIhe same filament, in fact, 
was frequently observed to stretch through several fields of the mi- 
croscope. Sometimes they Jay in straight lines parallel to each other; 
in other cases they were bent, twisted, and coiled, into the nlOst grace- 
ful figures; while sometimes they formed knots of such }Jewildering 
complexity that it was impossible for the eye to trace the individual 
filaments through the confusion. 
Ilad the observation ended here an interesting scientific fact would 
have been added to our previous store, but the addition would have 
been of little practical value. 1\:och, however, continued to watch the 
filaments, and after a time noticed little dots appearing within them. 
These dots became more and more distinct, until finally the whole 
length of tIle organism was studded with minute ovoid bodies, which 
lay within the outer iutegument like peas within their sheIL By-and- 
by the integument fell to pieces, the place of the organism being 
taken by a long row of seeds or spores. These obsenTations, which 
were confirmed in all respects by the celebrated naturalist Cohn, of 
Breslau, are of the first importance. They clear up the existing }Jer- 
l)lcxity regarding the latent and visible contagia of splenic fever; for, 
in the most conclusive manner, I\:och proved the spores, as distin- 
guished from the rods, to constitute tbe contagium of the fever in its 
DlOst deadly and persistent form. 
llow did he reach this important result? 
Iark the answer. There 
was but one way open to him to test the activity of the contagium, 
and that was the inoculation with it of liying animals. He operated 
upon Guinea-pigs and rabbits, but tbe vast majority of his experiments 
were made with mice. Inoculating them with the fresh blood of an 
animal suffering from splenic fever, they invariably died of the same 
disease witbin twenty or thirty hours after inoculation. lIe then 
sought to determine how the contagium maintained its vitality. Dry- 
ing the infections bloocl containing tbe rod-like organisms, in which, 
however, the spores were not developed, he found the contagium to 
be that which Dr. Sanderson calls "fugitive." It maintained its 
power of infection for five weeks at the farthest. lIe then dried 
blood containing tbe fully-developed spores, and exposed the sub. 
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stance to a variety of conditions. He permitte<1 the dried blood to 
assume the form of dust; wette(l this dust, allowed it to dry again, 
permitted it to remain for an indefinite time in the midðt of putrefy- 
ing. matter, and subjected it to various other tests. .After keepinO' 
the spore-charged blooù which haa been treated in this fashion fo
 
four years, he inoculated a number of mice with it, and fOllU(l its 
action as fatal as that of blood fresh from the veins of an animal suf- 
fering from splenic fever. There was no single escape from death 
after inoculation by this deadly contagium. Uncounted millions of 
these spores are develope(l in the body of every animal which has 
died of splenic fever, and every spore of these millions is competent 
to produce the disease. The name of this formidable parasite is Bu- 
cillus anthracis. 1 
N ow, the very first step toward the extirpation of these contagia 
is the knowledge of their nature; and the knowledge brought to us 
by Dr. l{och will render as certain the stamping out of splenic fever 
as the stoppage of the plague of pébrine by the researches of Pasteur. 
One small item of statistics will show what this implies. In the sin- 
gle district of :N ovgorod in Russia, between the years 1867 and 1870, 
o\'er 56,000 cases of death by sple!lic fever, among horses, cows, and 
sheep, were recorded. But its ravages did not confine themselves to 
the animal world, for, during the time and in the district referred to, 
528 human beings perisheLl in the agonies of the same disease. 
A description of the fever will help you to come to a right decision 
on the point which I wish to submit to your consideration. " An 
animal," says Dr. Dnn10n-Sanderson, "which perhaps for the previous 
day has declineLl fooa and shown signs of general disturbance, begins 
to shudder and to have twitches of the muscles of the back, and soon 
after becomes weak and li
tless. In the mean time the respiration 
becomes frequent and often difficult, and the temperature rises to 
three or fOUl' degrees above the normal; but soon convulsions, 
affecting chiefly the muscles of the back and loins, usher ill the final 
coJIapse, of which the l)rogress is marked by complete loss of power 
of moving the trunk or extremities, diminution of temperature, mucous 
and sanguinolent alvine m-acuations, and similar discharges from the 
mouth and nose." In a single district of Russia, as above rcmarked, 
56,000 horses, cows, an(l sheep, and 528 men and women, perishe(l in 
this way during a period of two or three years. What the annual 
fatality is throughout Europe I h;1ve no means of knowing. Doubt- 
less it must be very- great. The question, then, which I wish to 
submit to your judgment is this: Is the knowledge which reveals 


1 To produce its characteristic effects the contagium of splenic fever must enter the 
blood. The virulently-infective spleen of a diseased animal may be eaten with impunity 
by mice. On the other hand, the disease refuses to be communicated by inoculation to 
dogs, partridges, or sparrows. In their blood Bacilhts antlLraciB ceases to act as a fer- 
men t. 
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to us the nature, and which assures the extirpation, of a disorder 
so virulent and so vile, worth the })rice paid for it? It is exceed- 
ingly impol'tant that assemblies like the present should see dearly 
the issues at stake in such questions as this, and that the properly- 
informed common-sense of the community should temper, if not re- 
strain, the rashness of those who, meaning to be tendcr, would vir- 
tuallyenact the most hideous cruelty by the imposition of short-sighted 
restrictions upon physiological investigation. It is a modern instance 
of zeal for God, but not according to know ledge, and an instructed 
public opinion must correct its excess. 


And now let us cast a backward glance on the field we haye 
traversed, and try to extract from our labors such further }H'ofit as 
they can yield. For more than two thousand years the attraction of 
light bodics by amber was the sum of human knowledge regarding 
electricity, and for more than two thousand years fermentation was 
effected without any knowledge of its cause. In science one discovery 
grows out of another, and cannot appear without its proper antece- 
dent. Thus, before fermentation could be understood, the microscope 
had to be invented and brought to a considerable degree of perfec- 
tion. Note the growth of knowledge. Leeuwenhoek, in 1680, found 
yeast to be a mass of floating globules, but he had no notion that the 
globules were alive. This was proved in 1835 by Cagniard de la Tour 
and Schwann. Then came the question as to the origin of such micro- 
scopic organisms, and in this connection the memoir of Pasteur, pub- 
lished in the" Annales de Chimie" for 1862, is 
poch-making, proving 
as it did to all competent minds spontaneous generation to be thus 
far a chimera. On that investigation all Pasteur's subsequent labors 
were based. Ravages had over an(l over a
aill occurred among 
French wines. There was no guarantee that they would not become 
acid or bitter, particularly whcn exported. The commerce in wines 
was thus restricted, and disastrous losses were often inflicted on the 
wine-grower. Everyone of thcse diseases was traced to the life of 
an organism. Pasteur ascertained the temperature which killed these 
ferments of disease, proving it to be so low as to be perfectly harmless 
to the wine. By the simple expedient of heating the wine to a tem- 
perature of 50 0 centigrade, he rendered it unalterable, and thus saved 
his country the loss of minions. lIe then went on to vinegar-vin 
aigre, acid wine-which he proved to be produced by a fermen- 
tation set up by a little fungus called Mycoderma accti. Torula, 
in fact, converts the grape-juice into alcohol, and :ßIycode1'ma aceti 
converts the alcohol into vinegar. Here also frequent failures oc- 
curred and severe losses were sustained. Through the operation of 
unknown causes, the vinegar often became unfit for use; sometimes, 
indeed, falling into utter putridity. It had been long known that mere 
exposure to the air was sufficient to destroy it. Pasteur studied all 
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these changes, traced them to their living causes, and showea that the 
permanent health of the vinegar was insured by the destruction of 
this life. lIe passed from the diseases of vinegar to the study of a 
malatly which a dozen years ago had all but ruined the silk-husùanc1ry 
of France. This malady, which received the name of pébrine, was the 
product of a parasite which first took .possession of the intestinal canal 
of the silkworm, spread throughout its body, and filletl the sack which 
ought to contain the viscid matter of the silk. Thus smitten, the 
worm would go automatically through the process of spinning when 
it had nothing to spin. Pasteur followed this parasitic destroyer from 
year to year, and, led by his singular power of combining facts with 
the logic of facts, disçovered eventually the prccise phase in the de- 
velopment of the insect when the disease which assailed it could with 
certainty be stamped out. Pasteur's devotion to this inquiry cost him 
dear. lIe restored to France her silk-husbandry, rescuea thousands 
of her population from ruin, set the looms of Italy also to work, but 
emergell from his labors with one of his sides permanently paralyzed. 
His last investigation is embodied in a work entitled "Studies on 
Beer," in which he describes a method of rendering beer permanently 
unchangeable. That method is not so simple as those found effectual 
with wine and vinegar, but the principles which it involves are sure 
to receive extensive application at some future day. Taking into 
account aU these labors of Pasteur, it is no exaggeration to state that 
the money value of his work would go far to cover the indemnity 
which France had to pay to Germany. 
There are other reflections connectetl with this subject which, even 
were I to pass them oyer without remark, would sooner or later occur 
to every thoughtful mind in this assembly. I have spoken of the float- 
ing dust of the air, of the means of rendering it visible, and of the 
perfect immunity from IJutrefaction which accompanies the contact 
of moteless air. Consider the woes which this wafted matter, during 
historic an(l prehistoric ages, has inflicted on mankind; consider tho 
loss of life in hospitals from putrefying wounds; consider the loss in 
places where there are plenty of wounds but no hospital
, and in the 
ages before hospitals were anywhere founded; consitler the slaughter 
which has hitherto followed that of the battle-field, when those bacte.. 
rial destroyers are let loose, often producing a mortality far greater 
than that of the battle it
elf; adù to this the other conception that 
in times of epidemic disease. the self-same floating matter has fre- 
quently, if not always, mingle.} with it the special germs which pro- 
duce the epidemic, .being thus enablea to sow pestilence and <.1eath over 
nations and continents-consider all this, and you will come with me 
to the conclusion that all the havoc of war, ten times multiplied, would 
be evanescent if compared to the ravages due to atmospheric du
t. 
This preventable destruction is going on to-<1ay, antl it has been 
P ermitted to 0'0 on for aO'es without a whis p er of information regard- 
ö 0 , 
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ing its cause being vouchsafe<.1 to the suffering sentient world. vYe 
have been scourged by invisible thongs, attacked from impenetrable 
ambuscades, and it is only to-clay that the light of science is being let 
in upon the murderous dominion of our foes. :l\Ien of Glasgow, these 
facts excite in me the thought that the rule and governance of this 
universe are different from what we in our youth supposed them to 
be-that the inscrutable Power, at once terrible and beneficent, in 
whom we live and move and have our being and our end, is to be pro- 
pitiated by means different from those usually resorted to. The first 
requisite toward such propitiation is knou_'led[;e j the second is action, 
shaped and illuminated by that knowledge. Of know ledge we already 
see the dawn, which will open out by-and-by to perfect day, while the 
action which is to fol1ow has its unfailing source and stimulus in the 
moral ancl emotional nature of man-in his desire for personal well- 
being, in his sense of duty, in his compassionate s)
mpatby with the 
suffi"rings of his fellow-men. "IIow often," says Dr. 'Yilliam Budd, in 
his celebrated work on" Typhoid Fever "-" how often have I seen in 
past days, in the single narrow chamber of the day-laborer's cottage, 
the father in the coffin, the mother in the sick-beel in muttering de- 
lirium, and nothing to relieve the desolation of the children but the 
devotion of some poor neighbor, who in too many cases })aid the l)en- 
alty of her kindness in becoming herself the victim of the same dis- 
order! " From the vantage-ground already won I look forward with 
confident hope to the triumph of medical art over scenes of misery 
like that here described. The cause of the calamity being once clearly 
revealed, not only to the physician, but to the l)ublic, who
e intelligent 
coöperation is absolutely essential to snccess, the final victory of bu- 
Inanity is only a question of time. 'Ye have already a foretaste of 
that victory in the triumphs of surgery as practised at )Tour doors. 


. . t 


THE PROTECTIO
 OF nUILDIXGS FROM LIGIITKIXG. 


By PROFESSOR J. CLERK MA.XWELL. 


M OST of those who have given directions for the construction of 
1 lightning-conductors have paid great attention to the upper 
and lower extremities of the conductor. They recommend that the 
upper extremity of the conductor should extend somewllat above the 
highest part of the building to be protected, and that it should ter- 
minate in a sImrp point, and that the lower extremity should be car- 
ried as far as possible into the conducting strata of the ground, so as 
to " make" what telegraph engineers call" a good earth." 
The electrical effect of such an arrangement is to tap, as it were, 
tbe gathering charge by facilitating a quiet discharge between tbe 
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atmospheric accumulation and the earth. The erection of the conduct- 
or will cause a somewhat greater number of ùischarges to occur at 
the place than would have occurred if it had not been erected; but 
each of these discharges win be smaller than those which would have 
occurred without the conductor. It is lìrobable, also, that fewer dis- 
charges win occur in the region surrounding the conùuctor. 
It appears to me that these arrangements are calculated rather for 
the benefit of the surrounding country, and for the relief of clouds 
laboring under an accumulation of electricity, than for the l>rotection 
of the building on which the conductor is erected. 
'Vhat we really wish is, to prevent the possibility of an electric 
discharge taking place within a certain region, say in the insiùe of a 
gunpowder-manufactory. If this is clearly laid down as our object, 
the metllod of securing it is equally clear. 
An electric discharge canIlot occur between two bodies, unless tile 
difference of their potentials is sufficiently great, compared with the 
distance between them. If, therefore, we can keep the potentials of 
all bodies within a certain region equal, or nearly equal, no discharge 
will, take place between them. "T e may secure this by connecting 
all these hodies by means of good conductors, such as copper-wire 
ropes, but it is not necessary to do so, for it may be shown by experi- 
ment that, if every part of the surface surrounding a certain region is 
at the same potential, every point within that region must he at the 
same potential, providQd. no charged body is placed within the region. 
It wonla, therefore, be sufficient to surround our powder-ruin with 
a conducting luaterial, to sheathe its roof, walls, and ground-floor, 
with thick sheet-copper, and then no electrical effect. could occur within 
it on account of any thunder-storm outside. There woulù be no need 
of any earth-connection. 'Ve might even place a layer of asphalt be- 
t ween the copper floor and the ground, so as to insulate t1Je building. 
If the mill were then struck with ]ightning, it would l.emain charged 
for some time, and a person standing on the ground outside and touch- 
ing the wall might l'eceiye a shock, but no electrical effect would bo 
perceived inside, even on the most delicate electrometer. The })Ot('n- 
tialof everything inside with respect to the earth would be sudùenly 
raised or lowered, as the case might be, but electric potential is not a 
physical condition, but only a mathematical conception, so that no 
physical effect would be perceived. 
It is, therefore, not llecessary to connect large masses of metal, 
such as eno'ines tanks etc to the walls , if the y are entirely within 
.:::>, , " w 
the building. If, however, any conductor, snch 3S a telegraph-wire 
or a metallic supply-pipe for water or gas, comes into the building 
from without, the potential of this conductor may be diftèrent from 
that of the buildin rr unless it is connecteù with the conducting-shell 
1::>' 
of the building. Hence the water or gas, s\lpply-pipes, if any enter 
the building, must be connectetl to the system of lightlling-conduct- 
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orB, and, since to connect a telegraph-wire with the conductor would 
l'ender the telegraph useless, no telegraph from without should be 
allowed to enter a powder-mill, though there may be electric bens 
and other telegraphic al)paratus entirely within the building. 
I have supposed the l)owder-mill to be entirely sheathed in thick 
sheet-copper. This, however, is by no means necessary in order to 
prevent any sensible electrical effect taking place within it, supposing 
it struck by lightning. It is quite sufficient to inclose the building 
with a network of a good conducting substance. For instance, if a 
copper wire, say No.4, B. W. G. (0.238 inch diameter), were carried 
round the foundation of the house, up each of the corners and gables 
and along the ridges, this would probably be :t sufficient protection 
for an ordinary building against any thunder-storm in this climate. 
The copper wire nlay be built into the wall to prevent theft, but 
should be connected to any outside metal, such as lead or zinc on the 
roof, and to metal rain-water pipes. In tIle case of a powder-mill it 
might be advisaùle to make the network closer by carrying one or 
two additional wires over the roof and down the walls to the wire at 
the. foundation. If ther(1l are water or gas pipes which enter the 
building from without, these must be connected with tbe system of 
conducting-wires, but, if there are no such metallic connections with 
distant points, it is not necessary to take any pains to facilitate the 
escape of the electricity into the earth. 
Still less is it ::ldvisable to erect a tall conductor with a sharp 
point in order to relieve the thunder-clouds of their charge. 
It is 113i'dly necessary to add that it is not ad visaùle, during a 
thunder-storm, to stand on the roof of a house so protected, or to 
stand on the ground outside and lean against the wall.-1\
atw'e. 


... 


J.IOR)IONISM FROM A MOR
IO
 POIXT OF VIEW. 


By DANIEL WEDDERBl'RN. 


D URING a recent visit to Salt Lake City I happened to ask one 
of the leading l\Iormons what works, in addition to the Book 
of l\Iormon, would give me a fair idea of the religious doctrines pro- 
fessed by the Latter-day Saints and of their history, as they them- 
selves desire to have it told. The gentleman addressed most kindly 
offered for my acceptance several books, among which were pamplllets 
by Orson Pratt, one of the twelve apostles of the church, the "I{ey 
to the Science of Theology," by Parley P. Pratt, and the "Rise, 
ProO'ress and Travels of the Church of Jesus Christ of Latter-da y 
ö , 
Saints," by President George A. Smith. 
So far as religious tenets are concerned, tIle authority of the 'Works 
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mentioned may doubtless be accepted as final. With regard to the 
historical portion of the subject it is different, and here a certain 
allowance ill ust be made for the bias of a religious partisan; but it is 
not the less interesting to read this brief but stirring history, as it is 
told by those who played a promincnt l)art in its events. IIavino- 
o 
studied these books, I shall enùeavor to give a short account of J\Ior- 
monism, as it is described by the :Mol'mons themselves, and as it ap- 
pears to myself, being per30nally little predisposed to regard it favor- 
ably, but convinced that its case has seldom been fairly statcd to the 
public. 
A certain practical importance attachcs at l)resent to the subject, 
for the future position of l\lormonism in the Union is among the many 
difficult political problems now offering themselves for solution in the 
United States of America. It presents, indeed, upon a small scale, a 
similar difficulty to that caused by the existence of slavery in the 
Southern States: as to how far it is possible to maintain political fcd- 
eration between communities differing esscntiaIly in their social insti- 
tutions. The American Constitution is wonderfully elastic, but it has 
proved impossible to retain slaveholc1ing Statcs permanently within 
its limits. Is its elasticity sufficient to admit into the Union a State 
which would legalize })olygamy? Hitherto a ncgative answer has 
been given by Congress to this qucstion, and the claims of Utah Ter- 
ritory to become a State haye been urgcd in vain; but the steady in- 
crease of population and wealth is constantly strengthening those 
claims, and they cannot much longer be ignored. The fourth unsuc- 
cessful attempt to obtain admission as a State of the Union was made 
in 1872, when the population of Utah already exceeded that of K e- 
vacla and Nebraska combined (at the date of their admission), being 
upward of 105,000; and a memorial to Congress was adopted, pray- 
ing for admission into the Union as a sovereign State. The constitu- 
tion then proposed for the State, which was to bear the name of Dese- 
ret, was approved by the people of the Territory, with only 308 dis- 
sentient votes; it provided for women's suffrage, and minority reI>re- 
sentation. 
The admission of Nevada, Nebraska, and Colorado, all of them 
neigh boring Territories with inferior population to Utah, appears to 
justify the assertion of the :l\Iormons tbat the unpopularity of their 
religion was the sole cause of their exclusion. Had Deseret been 
created a sovereign State in 1872, the controversy as to polygamy 
might have entercd upon a new and critical phase, as the State Legis- 
lature would doubtless have claimed the right to legalize plurality of 
wives within its OWl! jurisdiction. No such right can be claimed by 
the existing Legislature of Utah, whose powers are }'estricted by the 
provisions of the act of 1850, to which the Territory owes its politi- 
cal existence. All laws of the Territorial Legislature must have the 
sanction of the Governor (who is appointed by the President of the 
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t'nited States), ana are passed subject to the aI)!)roval of Congress. 
The judges of the Territorial SUprellle Court are also a}Jpoint
d by the 
Presidcnt, so that the control of tbe :Federal authorities is cOll1})lete 
over all departments in the Territory, and it is natural that the 
Ior- 
1110n community should aspire to a more independent })osition. It is 
questionable, however, whether independence wouh1 110t prove a dis- 
advantage to the :Mormons, as tending to bring theln into direct col- 
lision with popular feeling, which has always been more or lcss hos- 
tile to them throughout the Union, while the Federal authorities have 
acteù a friendly part. During seventeen sessions of the Utah Legis- 
lative Assembly, the power of disapproval has only once been exer- 
cised by Congress, and then (as might haye been expected) in I"ela- 
tion to the law of marriage. The Washington Government has 
afforded protection to the Mormons against local officers and judges, 
President Grant, in particular, having recently braved considerable 
unpopularity by removing the Chief-Justice of the Supreme Court of 
Utah for "arbitrary and illegal conduct" in his dealings with tbe 
Latter-day Saints. Again, a few years ago the l.Tnited States officials 
in Utah set at naught the Territorial law under which jurors were se- 
lected and summoned, rejecting those who IH'ofessed their belief in 

Iormon doctrines. \Vhere the value at issue exceeds $1,000, an ap- 
})callies to the Supreme Court of the United States, and a case tried 
by a packed jury, and given against the municil>al officers of Salt 
Lake City, was accordingly appealcd. The unanimous decision of 
the Supreme Court at 'Vashillgton was, that the jury had not been 
legally impaneled, and the judgment of the Utah court was reversed. 
Great rejoicing was caused at Salt Lake City by this decision in the 
Engelbrecht case, as proving that the inhabitants of Territories had 
rights in common with their countrymen, and that there was justice 
in the United States e,en for the professors of a very unpopular reli- 
gion. 
It may appear strange that in t1ie freest of lands, and in the 
latter half of the nineteenth century, a legal doubt should have ex- 
i
ted as to whether civil disabilities were attached to any form of re- 
ligious opinion; but it must be remembered that the evidence of an 
atheist was very recently rejected in English courts of justice, and 
the Legislature of North Carolina exppl1ed last year a member, be- 
cause he conscientiously declared his disbelief in the existence of God. 
The fact is that, even in Protestant countries, complete religious tol- 
eration is limited to certain recognized persuasions, so that feeble 
and unpopular sects have still to unite in claiming for theml5elves the 
same liberty of conscience which has been conceded to all numerous 
and powerful dissenting bodies. Science now demands from theology 
absolute and unconditional freedom, and the day can llarclly be far 
distant when theological heterodoxy will cease to involve any civil 
penalties in a free country. At present the l\Iormon refugees of the 
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Rocky l\Iountains demand only that amount of civil and religious 
liberty which the Constitution professes to guarantee to every Ameri- 
can citizen, and which the Pilgrim Fathers found for themselves" on 
the wild New England shore." They coml)lain that their enemies 
have tola their story, that their own statements have been ignored, 
an(l that no credit has been given to them for an honest attempt, in 
these latter days, to put in practice the doctrines of the early Chris- 
tian Church. Even their enemies will hardly deny that they dis- 
played faith, courage, an(l endurance, when they resolved, after being 
expelled from one settlement after another, to plunge into the un- 
known wilderness, and to found a new Zion beyond the existing lim- 
its of the United States. These qualities have triumphed over great 
physical difficulties, and a stranger is astonished at the prosperity 
which 
Iormon industry has proauced. A carefully-organized system 
of irrigation has converted a barren desert into a productive garden, 
and has had the remarkable effect of raising the !)ermanent level of 
the lake ten feet higher than it was in 1850. Every requirement of 
the religious community is abundantly supplied by contributions, as- 
sessed and collected upon voluntary principles. Besides the immense 
new Tabernacle, a temple is now in course of construction, almost 
Egyptian in its massive grandeur, toward which an the faithful con- 
tribute, those who cannot afford money giving their labor. The In- 
dians in Utah have been conciliated hy the humane policy of feeding, 
clothing, and teaching, instead of fighting them. The old accusations 
of violence and cruelty toward Gentile immigrants, or l\Iormon de- 
serters, if not altogether disproved, have at least been lived down in 
recent times, and the existence of a military camp near Salt Lake 
City is now, probably, more unnecessary than it would be at any 
other town west of the Rocky :Mountains. In order to appreciate the 
tranquillity, sobriety, ana steatly industry of Deseret (as the )Iormolls 
prefer to name their country), it may be contrasted with Nevada, an 
adjoining State almost identical with Del5eret as to soil, climate, and 
mineral products. The so-called Silver State stands now preëminent 
in the Union for its turbulent manners, for the number of its liquor- 
slwps, and as being the only State which legalizes public gambling-. 
Of course, :8 evada is merely passing through a certain rude stage of 
her existence, just as California had done before her, and she, too, 
wHl one clay set her house in order; the remarkable l)oint is that 
Utah should alone amon o . the Y ouna communities of the far West, 
, 0 0 
have altogether escaped such a condition of things. To many persons 
this will appear to be sufficiently eXplained l)y the fact that the ::\101"- 
mons both preach and practise habits of extreme temperance, almost 
amounting to total abstinence from every sort of stimulant. 
Considerable hostility undoubtedly exists between the l\Iormons 
and some of th
ir Gentile fellow-residents; thh.! is greatly due to the 
bitter attacks of certain local n
wspapers upon the Latter-day Saints, 
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and upon those who show them any favor. 'Vhen I was in Salt Lake 
City, the Governor of Utah Tcrl"itory was very severely assailed for 
Lis alleged partiality toward the 1\1ormoDs, and a grim hope was at 
the same time expressed that l\1r. Brigham Young might shortly take 
the place merited by him " at the only fireside, which we know of, large 
enough to accommodate him and the whole of J]is family." That 
such expressions are publicly used in speaking of a man whom the 
great bulk of the community regard as an inspired prophet, is a suffi- 
cient proof that no terrorism is }Ww exercised against dissenters from 
the dominant church of Utah. To a stranger like myse1f, desirous of 
understanding as far as possible the tenets of their fait}], a frank and 
friendly reception was accorded by such of the 1\1ormon leaders as I 
had an opportunity of visiting. Every explanation asked for was at 
once afforded, but I do not feel justified in mentioning uames, or in 
repeating any private conversation, although it was In'obably not in- 
tended to be confidential. A passing strangel' can only see the exter- 
nal surface of society, and in this respect there is nothing very 
remarkable in Salt Lake City. The parlor of a flourishing :l\Iormon 
householder does not differ much in appearance from that of an 
Englishman who happens to have a numerous family, with a large 
proportion of sisters or daughters. A new and somewhat start1ing 
sensation is, however, experienced during the cpremony of introduc- 
tion on first hearing the worJs, "Now, sir, let me introduce you to 
another of my wives." The strangeness of these words mainly con- 
sists in the very fact tbat they are uttered, not by a dark-skinned bar- 
barian, but by a gentleman answering to the descri}}tion of the English 
soldiers given by" Le Conscrit de 1813 "-" blancs, bien rasés, comme 
de bons bourgeois "-and in a room with all the familiar surround- 
ings of civilized domestic life. The !}ublic worship of the Church of 
Jesus Christ of Latter-day Saints, as tIJe :l\1ormons invariably designate 
their own sect, is conducted with great simplicity, very much as it is 
in an English dissenting chapel, and tbe pre})onderance of ladies is by 
no means greater than that to which we are accustomed in places of 
worship generally. The only marked peculiarity is tlle administra- 
tion of the Lord's Supper in water instead of wine, aud of this sacra- 
ment it appears to be customary for all the faithful IHeRent to val''' 
take, old and young alike. The hymns are sung by a mixed choir of 
young men and 'Women, and addresses are delivered by eminent 
1or- 
mon elders. 'Yhen I was present, the speakers were 1\1r. Daniel H. 
"r ells, 1\1ayor of Salt Lake City, and 1\lr. Cannon, brother of the 
delegate from Utah Territory to Congress. All religious argument 
was based upon the authority of the Bible, to which the 1\1ormon 
revelations claim to be additional, but in no f;cnse cO'l1trm'y. Y' ari- 
ous 1\Iormou doctrines were touched upon, and Epecial allusions were 
made to the persecutions undergone by the Saints in past times, and 
to those which appeared to menace them in the future. Although not 
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yet half a century old, the Church of Jesus Christ of I..;atter-aay 
Saints has passeù through a baptisln of firc, au(lliving meu can spcak 
with mingled pride and sorrow of per
onal friends who died as mar- 
tyrs to their religious faith. Thirty years ago N auvoo, in Illinois, 
was a J\Iormon settlement, almost equal in population aud pro
perity 
to Salt Lake City at the present day; those who witnes::icù its total 
destruction can hardly be considen
d idle alarmists, when they allude 
to the possibility of trials yet to come. The tone of the spcakers 
was thoroughly practical, exhorting to iudustry and sobriety, to 
abstention from aU stimulants, including tobacco, coffee, and t('a, aud 
to the cultivation of all the useful arts, "evcn those of war, if neces- 
sary to the safety of our community." These exhortations were 
mainly addressell to the juniors present, a sa,.ing clause bcing in- 
serted for those seniors who had borne the burden and heat of the 
evil days, and who, having now established this mountain rcfuge for 
the Saints, might require to " solace decaying nature" with an occa- 
sional narcotic. The addresses breathed a tolerant and rational spirit, 
the doctrines inculcated were simply those of a charitable form of 
Christianity., and there was no mention of that peculiar "domestic 
institution which sums up in the minds of so many all notions con- 
nected with J\Iormonism. 
After all, it is upon" plural marriages" that the interest as well 
as the hostility of the ontGr world lias always 1)een concentrated; a 
.l\Iormon is simply regarded as a man with a number of wives, anù 
beyond this most people know little, and care less, as to the doctrines 
or customs of the Latter-day Saints. 'Vere it not for their polygamy, 
it seems proba1)le tbat the J\Iormons might now enjoy the same per- 
fect toleration which is extended in America to other forms of reli- 
gious eccentricity, and that Deseret would long ere this have taken 
bel' place among the States of the Union. On the other hand, it 
must be borne in mind that polygamy is a comparatively recent 
innovation, condemned by tbe Book of :Mormon in the strongest pos- 
sible terms: 


" The word of God burdens me because of your grosser crimes. For b
hold, 
thus saith the Lord, this people (the Nephitcs) begin to wax in iniquity; they 
understand not the Scriptures; for they seek to excuse themselves because of 
the things which were written concernin
 David and Solomon his son. BehoM, 
Dayi,l and Solomon truly had many wives and concubines, which thing was 
abominable before me, saith the Lord; wl1erefore, thus saith the Lord, I have 
leù this people forth out of the land of Jerusalem, by the power of mine arm, 
that I might raise up unto me a righteous branch from the fruit of the loins of 
.J oseph. "Therefore I, t,he Lord God, will not suffer that this peoplo shall ao 
like unto them of olù. 'Vherefore, my brethren, hear me, anù hearken to the 
word of the Lorù; for there shall not any man among you have save it be ono 
wife, and concubines he shall hm"e none; for I, tbe Lord God, delighteth (sir) 
in the chastity of women." 
VOl.. x.-ll 
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TheRe are the words of" Jacob, the brother of N epbi," and words 
could h:1r<.lly be Illore distinct or empLatic; but theologians can 
generally manage to explain away inconvenient texts and hard say- 
ings, while in this case it may be held by the Saints that the above 
injunctions were repealed Ly the subsequent" Revelation on Celestial 
11arriage." This tardy revelation, ,.ouchsafed to Joseph Smith shortly 
ùefore the close of his career, is the sole warrant for plurality of wives 
-a practice which is general among the l\Iormon leaders, but not 
throughout the community at large. \"'lth them, as with l\lohamme- 
dans or IIindoos, polygamy is doubtless very much a question of ex- 
pense, and I was informed on good autbority that probably about one 
ill four of the Saints is the husband of more than one wife. The ma- 
jority, therefore, adheres in practice to the" Doctrine and Covenants," 
which book is a recognized authority upon articles of 1\lormon faith, 
and declares that "one man should have one wife, and one woman 
ùut one husband, excel)t in case of death, when either is at liberty to 
marry again." The number of wives ascribed to eminent individuals 
is usually exaggerated, sixteen being the largest number admittedly 
lnarricd to one man, and six constituting the household of a wealthy 
and influential clùer. 
The 1\lormons compare themselves to the Jews, as well as to the 
early Chri
tians; they have been a persecuted people, driven forth to 
wander through trackless deserts, and are now living apart from their 
neighbors ill a theocratic commonwealth of th
ir own. Tlwir pre- 
cedcnts on behalf of polygamy are mainly drawn from the IIebrew 
Scriptures; but they also assert that thcy have in their favor the ex- 
ample of the primitive Christian Church. . "Tithout going into their 
arguments, it Illay be at once conceded that polygamy was sanctioned 
by the ancient IIcbrew law; hut it is not the less out of date in the 
new world of AnlCrica, and is a standing IJeril to the Chureh of the 
Latter-day Saints. By all act of the Ut. h Legislature, the right of 
suflh1.ge has been conferred on" all American ,vomen, native or nat- 
uralized," and it hardly seems possible thåt polygamy can long sur- 
vive such legislation. At present the extension of the fi"anchise among 
pf'rsons, few of whom are" native" Americans, and many of W}lOill 
are very imperfectly educated, !H'oùaùly strengthens the hands of the 
1\Iormon leaders hy swamping entirely the Gentile element. But such 
an eftcct is not likely to be permanent, for the rising generation will 
be eL1ucated; in 1871, just after the passing of the act above referred 
to, sixty per cent. of the girls between four and sixteen years of age 
were enrolled as scholars throughout Utah Territory, being slightly 
in excess of the percentage aIllong hoys of the same age. Equality 
between the sexes in eclucation and in electoral pridleges must tend 
to bring about social and religious equality also, an(l the example of 
their independent 
isters in 'V yoming Territory, where women enjoy 
complete civil rights, will not be thrown away upon the ladies of Salt 
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Lake City. The tonc of public feeling tllroughout the neighhoring 
States ana Territories is lllorc favoraLle to\vard" woman'r; ricrhts" 
b 
than it is in any other part of the worlù; anù, even if this be partly 
due to a reaction produced by l\Iormouislll, it cannot fail in time to 
inAl1enee the fcmale electors of"C tah. Thus it is possihlc that a peace- 
able solution of the difficulty may be foulld, and polygamy may be 
aùolished, not by external force, but Ly constitutional action within 
the 3Iormon community itselt: 
}Ieanwhile, this church of the nineteenth century posse::-,ses amaz- 
ing vitality, and seems to carry us back to a by-gone era of belief, 
cÅhibiting as it does the phenomenon of a religious s('ct heartily con- 
vinced of its futurc luission an(l claiming the prescnt for its OWI1. 
'Vhile other churches look to the past for all that is best and true8t 
in religion, the Latter-day Saints l.eganl the lwesent also as a period 
of miracle and revelation. They expect, in the immediate future, the 
conversion of all who inhabit their vast continent with as serene a con- 
fhlence as t.hat with which the early Christians seem to have antici- 
pated the evangelization of the Homan Empire. It may he said of 
them that in theology they maintain the modern doctrine of continu- 
ity, rather tha.n ancient theories of connllsion and catastrophe. Ac- 
cepting, in a literal sense, the Jewish and Christian 
criptures, they 
apparcntly entertain no fear lest scientific research- should undermine 
their faith, as they look for a continuous course of reyeJation, which 
shall harmonize theology with the general allvance in human knowl- 
cdge. 
The title of P
lrley P. Pratt's recent work, "ICey to the Science 
of Theology," 1874, may seem almost to involve 3. contl'aàiction in 
terms; but it indicates the desire of a distinguished ::\Iormon theolo- 
gian to keep abreast, if possible, of the scientific spirit of the age. 
'Vhether the attempt to do this lllay have proved successful or not, 
his policy is surely wiser than that which has frequently }Jlaced sci- 
ence and theology in opposition so direct, that c\-ery conquest of 
knowledge over ignorance has appeared to be also a victory oyer re- 
ligion. 111<.1eed, illr. Parley Pratt is entitled to a welcome from the 
lo\rers of free thouo-ht consiJerincr how rarel y theoloO'ian
 seek to itlen- 
o ,;::, ;::, 
tify the progress of their own tenets with that of humanity in every 
departIl1ent of science and art, a1)(1 how seldom it is that they do not 
" Grow pale 
Lest their own judgments should become too bright, 
..ind their free thoughts be crimes, anù earth have too much light." 


To quote his own words: 
"The creeds of the Fathers seem to have been cast in the mould of other 
ages, to be adapted to a more narrow sphere of intellectual development, and to 
be composed of material too much resembling cast-Í1'on; or, at least, not suf- 
ficiently elastic to expand with the expull:5ion of mind, to grow with the growth, 
anù advance with the progressive principles of the age. For these re3:;ons, per- 
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haps more than any other, tIle master-spirits of the age are breaking loose from 
the old moorings, and withdrawing from established and venerated systems." 


I-Iolòing these views, ]Ir. Parley Pratt has aimed at embodyil1g, 
in hi
 intruductory key, a general view of what he calIs the Science 
of Theology, " in a concise and somew}w,t original manner and 
tylé, 
as gathered from revelation, history, prol)lwcy, reason, and analogy." 
'rhe revelation and prophecy referred to and founded upon are partly 
those aceepted by all orthodox Christians, ))artly those of recent 
date (such as the Book of :Mormon and the Doctrine and Covenants) 
peculiar to the followers of Joseph Smith. It is hard to reconcile 
polygamy with "the progressive IH.incil)les of the age," and with 
modern ideas as to th
 social position and dignity of womaIl; but 
:'Mr. Parley Pratt is not without a scientific plea on behalf of his theo- 
logical dogma. He maintains that- 
"The principal object contemplated by this law is the multiplication of the 
children of good and worthy fathers, who will teach them the truth, and this is 
far preferable to sending them into the world in the lineage of an unworthy or 
ignorant parentage. . . . A wise legislation, or the law of God, would punish 
with just severity the crimes of adultery or fornication, and would not suffer 
the idiot, the confirmed, irreclaimable drunkard, the man of hereditary disease, 
or of vicious habits, to possess or retain a wife; while at tbe same time it 
would provide for a good and capable man to honorably receive and entertain 
more wives than one. . . . The restoration of pure laws and practices has already 
commenced to improve or regenerate a race. A holy and temperate life; pure 
morals and manners; faith, hope, charity; cheerfulness, gent]ene
s, integrity; 
intellectual development, pure truth, and kno'wledge, wiH produce a race more 
beautiful in form and features, stronger and more vigorous in constitution, hap- 
pier in temperament and disposition, more intellectual, less vicious, and better 
prepared for long life and good days in their mortal sojourn. Each generation 
governed by the same laws wi]} still improve." 


This sounds })lausible enough in theory, and })erlmps the n>sult of 
polygamy as practised in Utah is, that a large pro})ortion of offspring 
is born to tbe most energetic, intelligent, awl industrious citizens. 
In an age when there is reason to fear an increasing tendency to 
" non-survival of the fittest," such a result may be admitted as tend- 
ing to counterbalance some of the disadvantages attending plurality 
of wives. 
The highe:::;t types of donlestic animals have 1)ecn developed under 
a system of breeding and selection, very similar to that which is ad- 
vocated in the above quotations, and the burden of proof seenlS to 
rest upon those who maintain that a high ty})e of humanity cannot 
be developed after a similar fasbion. Should the 
Iorlllons succecd 
in carrying out practically, for a 'few generations, allY sueh ideas as 
are above alleged to be the maiu objects contemplated in their law of 
polygamy, they woulJ have fair grounds for the belief tlwt they are 
destined to inherit the whole earth. 
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A race of hmll:ln beings developed (if such a thing were f
3sibl(') 
by strictly scientific selection and <:ulture could not fail to gain the 
upper hand in the general struggle for dominion, hut it remains to Le 
seen whether any success in this direction will attend the fìy
teIll 01 
the )Iormol'ls. 


"Our physical organization, health, vigor, strength of body, intellectual fac- 
ulties, inclinations, etc., are influenced very much by parentage. llereditary 
disease, idiocy, wetlknes5 of mind or of con
titution, deformity, tendency to 
violent and ungovernable passions, vicious appetites and desires, are engendered 
by parents, and are bequeathed as a heritage from generation to generation." 


These are the words of a leading apologist of polygamy, who founds 
an argument in his own favor upon this truth, now generally admit- 
ted, but almost a!'o; generally ignored. It is impossible here to discus
 
so wiae and so difficult a question, and I must limit myself to these 
few brief quotations from the "Key to the Science of Theology," 
leaving the reaf1er to judge of their worth. 
The series of pamphlets by Orson Pratt contains discussions on a 
great variety of questions connected with 
Iormonism. In particular 
the" Divine Authenticity of the Book of JUormon " is considered at 
great length, as well as .the question, " Was Joseph Smith sent of 
God ? " 
)Ir. Orso11 Pratt endeavors to show, in the first place, that to ex- 
pect more revelation is not unscriptural j secondly, that it is not un- 
?easonable j and, thirdly, that it is in(li.rpensabl!l necessm'y. lIe then 
goes on to eompare the evidences of the Book of l\Iormon ancl of the 
Bible, alleging that both alike have been confirmed by miracles, and 
that the prophecies of the Bible, especially those of Isaiah, have been 
fulfil1ed in the Book of :l\Iormon and in the history of ::\IOl.monism. 
Throughout his elahorate arguments he assumes the gpnuinencss and 
authenticity of the Bible, an assumption which he is of course entitled 
to make in arO'uinO' with orthodox Christians. Hi:::; l )Qsition is: The 
ö 0 . 
truth of the Bible rests upon sufficient evidence, and this evidence is 
in e\'ery way weaker than that which call be adduced for the Book 
of )Iormon-therefore, (t fm.tiori, the Book of .Mormon is true. 
Whatever may be the flaw in this syllogism, those whom .Archdeacon 
Paley 
atisfies cannot fail to have some trouble in disposing of .!\[r. 
Orson Pratt. Toward other Christian sects, whose creeds" are an 
abomination unto the Lord," the l\Iormon apostle displays but little 
brotherly feeling. Upon papist and Protestant alike he pours out 
the vial of his wrath .and contempt in language almost too forcible 
for quotation; but he ::;eeks to base every reproach directed against 
then1 upon texts from the orthodox Scriptures. The pamphlet ('nti- 
tIed" The Bible and Tradition without Further Revelation, an Insuf- 
, . 
ficient Guide," is, in fact, a powerful on,-1anght upon modern Chnsten- 
dom, perhaps as damaging as any that a professed unbeliever could 
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have made, although in this case the assailant accepts with reyerence 
the Christian Scriptures, seeking to found thereon a revelation newer 
and more complete. 
It is somewhat disappointmg, if the Book of 
lorrnon is to l,e fie- 
ceptecl as the new revelation, to find it so very inferior, alike in matter 
and in style, to its great predecessors. Nearly equal in bulk to the 
Old Testament, it lacks altogether the poetic grandeur and the gral)h- 
ic force of the Hebrew Scriptures, although the Biblical phraseology 
}w,s been laboriously imitated throughout. It is styled" An Account 
written by the IIanel of :Mormon upon Plates takcn frolll the Plates 
of N ephi. r-.çranslated by Joseph Smith, Jr. : " 
"Wherefore it is an abridgment of the record of the people of N ephi, find 
also of the Lmnanites; written to the Lmnanites, who are a remnant of the 
house of Ismel; and also to Jew and Gentile; written by way of command- 
ment, and also by the spirit of prophecy and of revelation. Written and scaled 
up, and hid up unto the Lord, that they might not be destroyed; to come forth 
by the gift and power of God unto the interpretation thereof: sealed by the 
lland of Moroni, and hid up unto the Lord, to come forth in due time by the 
hand of Gentile; the interpretation thereof by the gift of God. 
"An abridgment taken from the Book of Ether also; which is a record of 
the people of Jared; who were scattered at the time the Lord confounded the 
language of the people when they were building a tower to get to heaven; 
which is to show unto the remnant of the house of Israel what great things the 
Lord hath done for their fathers; and that they may know the coyenants of the 
Lord, that they are not cast off foreyer; and also to the convincing of the Jew 
and Gentile, that JESUS is the CHRIST, the ETERNAL GOD, manifesting himself 
unto all n"ations. And now if there are ffiuItS, they are the mistakes of men; 
wherefore condemn not the things of God, that ye lllay be found spotless at the 
judgment-seat of Christ." 


'L'he sacred volume is divided into thirteen books, bearing the names 
of various prophets, one of whom is 1\Iormon. The last book is that 
of :Moroni, who says: 
" Behold I, :Moroni, do finish tIle record of my father, .Mormon. Behold, I 
have but few things to write, which things I haye been commanded by my 
father. And now it came to pass that, after the great anù tremendous battle 
at Cumorah, behold, the N ephites, who had escaped into the country southward, 
were hunted by the Lamanites, until they were nll destroyed; and my fatl1er 
also was killed by them, and I even remained alone to write the sad tale of the 
destruction of my people. But, behold, they are gone, and I fulfill the com- 
mandment of my father. And whether they will slay me, I know not; there- 
fore I will write and hide up the records in the earth, and whither I go it mnt- 
tereth not. Behold my father hath made tl}is record, and he hath written the 
intent thereof. And behold, I would write it also, if I had room upon the 
plates; but I have not; and ore I haye none, for I am alone; my father hath 
been slain in battle, and all my kinsfolks, and I have not friends, nor whither 
to go; and how long the Lord will suffer that I may lite I know not. Behold, 
four hundred years have passed away since the coming of our Lord and Sayiour. 
" And now, behold, we have written this record according to our knowledge 
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in the characters which are called among us the reformed Egyptian, being 
handed down and altered by us, according to our manner of speech. And if 
our pIntes had been sufficiently large, we should have written in Hebrew; but 
the Hebrew hath been altered by us also; and if we could have written in 
Hebrew, behold, ye would hnve had no imperfection in our record. .But the 
Lord knoweth the things which we have written, and also that nune other 
people knoweth our language, therefore he hath prepared means for the inter- 
pretation thereof. And these things are written, that we may rid our garments 
of the blood of our brethren, who have dwindlcd in unbelief. And behold, 
these things which we have desired concerning our brethren, yea, even their 
restoration to the knowledge of Christ, is according to the l)rayers of aU the 
saints w}w have dwelt in the land. And may the Lord Jesus Christ grant that 
their prayers may be answered according to their faith; and may God the 
Father remember the covenant which he hath made with the house of Israel; 
and may he ùIess them forever, through faith on the name of Jesus Christ! 
Amen." 


The record in question professes to contain a bistory of the Ameri- 
can Continent from the date of its first colonization by Jared and his 
brother at the time of the dispersion fron1 Babel down to the year 
A. D. 420, when l\loroni, the last of the N epbite prophets, buried his 
platps in the hill of Cumorah. This account of prehistoric ....\.merica is 
but a tedious composition, fnIl of battles and slaughter, full of proper 
names, of reiterations, and of unnecessary phra8e
. 'Ye are told how 
the J aredites, emigrants from the valley of Nimrod, who" dill carry 
with then1 DeseIoet, which by interpretation is a honey-bee," attained 
to great civilization and prosperity in North America, and were ut- 
terly destroyed by internecine warfare about the year 600 B. c. They 
were succeeded by a " remnant of the house of Joseph," brought from 
Jerusalem in the reign of Zèdekiah to inherit the land. These appear 
to have crosseù the Pacific Ocean, landing on the west coast of South 
America, whence they eventually overspread that continent. They 
separated before long into two distinct nations, known as N ephites 
and Lamanites, the former migrating from the persecutions of the ]at- 
ter, and sailing" forth into the west sea by the narrow neek which 
led into the land northward." Through the personal ministry of 
Jesus Chri::-t, who visited them shortly after his ascension, the .x e- 
phites were converted from the l\IosaÌc to the Christian faith, which 
was in time accepted by tbe Lamanites also; and for two hundred 
years they prospered and multiplied, and there was no contention in 
the land, a11 things 1)eing common among them. This goldcn age was 
succeeded by a period of apostasy; "and from that time forth they 
did haye thdr goods and their substance no more common among 
them, and they began to be divided into classes, and they began to 
buihl up churches unto themseh-es, to get gain, and began to deny 
the true church of Christ." ..:\. terrible war broke out betwecn the 
N ephites, now settled in X orth America (known as the land Desola- 
tion ) and the Lamanites who in,'adetl them from the bnd Bountiful, 
, , 
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lying southward of the Isthmus of Darien. This war ended in the an- 
nihilation of the :s ephites, " an exceeding fair and delightsome peo- 
ple," while a degraded remnant of the Lamanites still survive, after 
fifteen centuries of rapine and discord, under the name of American 
Indians. "N ow the heads of the Lamanites were shorn; and tbey 
were naked, save it were skin, which was girded about their loins; 
and the skins of the Lamanites were dark, according to the mark 
which was set upon their fathers, which was a curse upon them be- 
cause of their transgression." Thus the term GentUe is pro}Jerly used 
to denote the white 'man, as distinguished from the copper-colored 
house of Israel, and the l\Iormons themselves are expre
sly described 
as the" Gentile Saints." For the remnant of Joseph a glorious future 
is prophesied. They, the despised redskins, shall lmve the land for 
their inheritance, and it shall be " a land of liberty unto the Gentiles, 
and there shall he no kings upon the land." They are to be the chief 
agents in building the New Jerusalem, and will be converted and re- 
deemed before their brethren of J udall. 
The story of the plates, from which the sacred book is said to 
have been translated, first into Engli::;h, and subsequently into nearly 
all the European languages, is of some interest from au archæologi- 
cal point of view, and may be told in a few words. They are de- 
scribed as having been found by .Joseph Smith in a cyst composed of 
six stones, smooth 011 the inner surfaces, and firmly cemented together. 
This stone box was buried in the side of a hill near Palmyra, in the 
State. of New York. The plates bad the aplJearance of gold, were six 
by eight inches in width and length, eadl !-Jlate being nearly as thick 
as common tin. They were filled on both sides with small char- 
acters beautifully engraved, and were fastened at one edge with 
three rings running through the whole: thus bo
md together tl)ey 
formed a volume about six inches in thid.ness, a part of which was 
scaled. '
arious unsuccessful atteml)ts were llladp by the enemies of 
Joseph Smith to obtain possession of these plates, aud they finally 
disappeared, having been examined and described by eleven l)ersons, 
whose testimony, signed with their names, is added to the Book of 
l\Iormon. 
The evidence of these !-)ersons would have been more conclusive 
had not all of them been believers in the new prophet; moreover, the 
disappearance of the plates is not quite satisfactorily explained by 
the statement that they were restored to the charge of the angel 
under whose guidance they were discovered. Still the actual exist- 
ence, as well as the genuine antiquity, of l)lates such as J osepIl Smith 
is said to have brought to light in 1827, seems to have been sufficiently 
verified elsewhere. 
In 1843, near IGnderhook, Illinois, in excavating a large mound, 
six brass plates were discovered, of a bell-shape, four inches in length, 
and covered with ancient characters. They were fastened togetlwr 
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with two iron wires, almost entirely corroded, and were found, along 
with charcoal, ashes, and human bones, more than twelve feet below 
the surface of a mound of the sugar-loaf form common in the ::\1is- 
sissippi .Valley. Large trees growing upon these artificial mounds 
attest their great antiquity, and doubtless they contain much that 
will reward future investigation. No key has yet been discovered 
for the interpretation of the engravings upon these brass plates, or of 
the strange glyphs upon the ruins of Otolum, in l\Iexico; but when 
an amount of talent, learning, and labor, equal to that bestowed upon 
Egyptian hieroglyphics or Assyrian cuneiform characters, has been 
devoted to American antiquities, we may hope to learn something of 
those mysterious races whose history the Book of )Iormon professes 
to tell. 
But if-we a(hnit that the plates themselves may have been genu- 
ine, our faith in the founder of l\Iormollism, as a sincere religious 
enthusiast, is staggered by his mode of interpreting their contents. 
He tells us that he found along with the records an instrument, called 
by hiln the Urim and Thulluuim, amI described as consisting of " t,,,"o 
transparent stones set in the rim of a bow." Through the medium of 
this iI
strument, he says that he translated the unsealed portion of 
these scanty records, the result being a bulky volume in English, but 
he does not explain whether he used it as a magnifier, nor how it 
proved to be a Rosetta stone for his hieroglyphics, merely asserting 
that it was" by the gift and power of God." That Joseph Smith 
believed in his own mission, his character and career alike appear to 
indicate, and the many ecstatic visions which he describes were prob- 
ably real enough to him, but the compilation of the Book of )Iormon 
was an act in vol villg much time and labor, and cannot be accounted 
for by ecstasy. 
In these days of La-
alette and Paray-Ie-
lonial it is, perhaps, 
too mnch to say that a miracle, in order to find acceptance among 
educated persons, nlust be relegated to a remote age and country, and 
must be invested with a certain amount of e
ternal dignity. It is, 
however, a severe test of faith to be called upon to aC'cept miracles 
and revelations from a prophet well known to men yet living as " Joe 
Smith," and referred to as " 31... S." in the writings of so eminent a 
disciple as 
Ir. Orson Pratt. A most remarkable lUan 1\11'. S. un- 
doubtedly was, capable of inspiring alike inestin[Juibil oelio, eel indo- 
n
ato ammo. The bitter hostility of his opponents was more than 
equaletl by the devoted zeal of his converts, and, although murdered 
by mob yiolence at the early age of thirty-eight, he had alrea<ly so 
well accompli:;:,hed his work that the new creed, ingtead of dying with 
him, continued to spread with increasing rapidity, alIa was preached 
by his apostles and elders in every quarter of the globe. lIe wac;; a 
N ew-Ellglander, born A. D. 1805, in the State of Vermont, and began 
to have visions when he was ahout fourteen years of age. In 1830 
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the Church of J esus Chri
t of Latter-day Saints was first organized 
at Fayette, in the State of New York, and its headquarters were 
moved gradually westward, until a considerable settlement was formed 
in Jackson County, JUisßouri. I-Iere it was expected that the K ew 
Jerusalem would be built, but an organized system of persecution 
drove the t;aints out of the State of 1\Iissouri, and in 1839 they took 
refuge in Illinois, where they built tIle city of K auyoo, in I-Iancock 
. County, on the banks of the l\Iississippi, and enjoyed a short respite 
from })ersecution. But in 1844 popular hostility broke out with in- 
creased violence, and Joseph Smith (who had been frequentl)
 brought 
before judicial tribunals, and invariably acquitted) p}"oceeded wit}} 
his brother IIyrum to Carthage, where they surrendered themselves 
prisoners on a charge of treason, the Governor of Illinois baving 
promised them protection and a fair trial. On the 27th of June, 1844, 
a large body of men, with their faces blackened, surrollnded the 
prison, and murdered the two brothers Smith. Several of these men 
were indicted for murder, and were tried alJOut a year later, but tIley 
were acquitted. The persecution of the 1\Iormons did not slacken 
after the death of their }Hophet, and in 
eptember, 1845, an armerl 
nlOb commenced burning houses in Hancock County, wlJile the au- 
thorities dc('lared that the State was unaùle to protect the 1\Ionnons, 
and they must tlwrefore go. I>reparations wer
 made by Brigham 
Young, President of the Twelve Apostles, and the other leaders of 
the church, to explore the Rocky 1\lountains in accordance with an 
expressed intention of the deceased prophet, and in February, 184ß, 
the exod.us of the l\Iormons commenced. It was not, }lOwever, rapid 
enough to s:1ti
fy their enemies, and in Sertember the city of N an- 
\'00 was burned by an armed moh, after several day:::;' siege, and the 
remnant of the 1\Iormons was driven across the :\Iissis
il'pi into 
Iowa. In the spring of 1847 Brigham Young, with a varty of pio- 
neers, started from his winter-quarters on the 1\Iissouri in searl'h of a 
place of settlement. On the 24th of July he reached the Great Salt 
Lake 'Valley, after a laborious march of more than one thousand 
miles through an unexplored country. After erecting a fort, and 
llOisting the stars and stripes upon what was then l\Iexican territory, 
President Young h.astened bal'k to the banks of the :Missouri, and in 
the faU of 1848 he arrived once nlOre in Salt Lake 'Talley, with eigllt 
hundred wagons, and thc main hody of the J\Iormons. The severest 
hanlships were undergone by these people, not only during their 
lnarch, lJut during the first two years after settling in this barren 
valley, four thousand three hundred feet above the sea, hut strict dis- 
cipline was enforced in the camp, and a careful system of rationing 
was maintained, until an abundant harvest at lnst put an end to the 
necessity. In 1850 the Territorial governnlCnt of Utah was organ- 
ized by act of ConO"ress and BriO'ham Y ounO' was a l ) } )ointed Goyernor 
.J ::>, ð ::> 
by the President of the "United States. From that tinle forward the 
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new colony has continued to prosper and progress with almost. unex- 
ampled rapidity, in spite of great disadvantages as to soil, climate, 
and situatioll. 
There are few countries on the face of the globe where the Lat- 
ter-day Saints have not attempted to l)reach their gospel, but as a 
rule their preaching has not been tolerated. The records of their 
missionary efforts make it obdous enough why they obtain so large 
a proportion of their converts from Great Britain and Denmark, 
while so few come from the RonJan Catholic countries of Europe; 
except in Scandinavia and the British Empire, the foreign mis
ions 
of the 
1ormons have failed through the opposition of the l)owers 
that be, who have not only prohibited the missiunaries from preach- 
ing, but in nl3.ny cases have expe11ed them from the country. Eycn 
in Norway, so bitterly hostile were tbe ecclesia
tics as to deciùe that 
the Church of Jesus Christ of Latter-day Saints is not a Christian, 
sect, in order to deprive it of the protection guaranteed hy :x or- 
wegian law to all Christian dissenters. Three paragral)hs from the 
1\1ormon Creed, as stated by Joseph Smith himself, will show the in- 
justice of such a decision : 
" We believe in God, the Eternal Father, and in His Son, J esu:s Christ, and 
in the Holy Ghost. \f e believe that through the atonement of Christ all llinn- 
kind may be saved hy obedience to the laws and ordinances of the Gospel. W 0 
believe that these ordinances are: First, Faith in the Lord J 
sus Christ; seconù, 
Repentance; thirù, Baptism by immersion for the remission of sins; fourth, 
Laying on of hands for the Gift of the Holy Ghost." 


It is supposed that 3. larger percentage of the Danes than of any 
other nation has hitherto embraced 
Iormonism, :tl1l1 a Danish news- 
paper is regularly published at Salt Lake City. Since the separation 
of Schleswig-Ilolstein from Denmark, the recruiting-ground of the 
)IOl'mons has been reduced, as their preaching has been rigidly sup- 
pressed in those duchies. Of late years the immigration into Utah 
from the European Inissiol1S has varied from one to four thousand per- 
sons annually. The most active attempts at propagandism appear to 
have been made about the years 1852-'53, but in this country a 31or- 
Juon mission was founded as early as 1837, six years hefore the" Reve- 
lation on Celestial 3Iarriage " had given its peculiar character to ::\Ior- 
lnonism. 
It was not until 1843, thirteen years subsequent to the publication 
of the Book of l\Iormon, and to the first organization of the Church of 
l..atter-c1ay Saints, t})at Joseph Smith proclaimcd this new and star- 
tlinO' revelation. The stvle of the document resembles that of the 
ð 
 
Book of l\Iormon. hut it re\Teals " a llew ana an everlasting covenant," 
distinctly at vari
nce with tlw teachings of that book already quoted, 
and justifi0s the patriarchs, and David and Solomon, " as touching the 
l )rinci1)le and doctrine of their havinO" man y wives." It is aallr(,
5ed 
L 0 
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to " my servant Joseph," and confers upon him" the keys and power 
of the priesthood: And verily, verily I say unto you, that whatsoever 
you seal on earth, shall be sealed in heaven." Upon" mine band- 
Ju::tid, Emma Smith, your wife," on the other hand, obedience and 
submission are inculcated in the strongest terms. She is required to 
"receive all th0158 that have been given unto my servant Joseph- 
And I command mine handmaid, Emma Smith, to abide and cleave 
unto my servant Joseph, and to none else. But if s}]e will not abide 
this commandulCnt she shall be destroyed, saith the Lord." The 
revelation contains twenty-five short paragraphs only; it is some- 
what apologetic in general tone, ana is full of scriptural quotations 
ane} precedents. A considerate stipulation is made for the com;;ent of 
the first bride, when another is to be espoused: "As pertaining to 
the law of the priesthood: If any mall espouse a virgin, and desire 
to espouse another, and the first give her consent; and if he espouse 
the second, and they are virgins, and have vowed to no other man, 
then is 11C justified." 
t\. marriage contracted under the uew covenant, 
and sealed by the appointed authority, is valid to all eternity, whereas 
in the case of orùinary married persons death terminates the con- 
tract, and for them in heaven there will be neither marrying nor giv- 
ing in marriage. 
Such are the terms of Joseph Smith's" Hevelation of Celestiall\lar- 
riage," which reminds one of the convenient doctrines from time to 
time revealeù to :I\Iohammed upon analogous subjects. One more reve- 
lation and prophecy remains to be noticed; it is said to have appeared 
in the" Pearl of Great Price," published at Liverpool in 1851, and to 
have been" given by the prophet, seer, and revelator, J ose})h Smith," 
on Christmas-day, 1832. The date of publication is the point requir- 
ing verification, and a genuine copy of the pamphlet above named 
would be invaluable, as the language of the alleged })rophecy has no 
}))"ophetic ambiguity, and the fulfillment has been complete. In a few 
terse words are described the rebellion of South Carolina, and the 
consequent civil war, the appeal of the Soutl1ern States to Great 
Britain for aid, the arming of the slaves against their masters, and 
the outbreak of hostilities with the Indians. If there is any accuracy 
in the dates as stated, 
T oseph Smith must have been a man of rare 
political sagacity and foresight. 
At the present day most of our religious creeds and systems re- 
semble the great ecclesiastical edifices of the middle ages; relics of 
days when faith was stronger and zeal was warmer. These magnifi- 
cent relics may indeed be renovated by modern bands, and upon a 
hmuhle scale they can be reproduced, but the power of originating 
such buildings has passed away, and ecclesiastical architecture is no 
longer a living art. So is it with the chief accepted systems of re- 
ligion; they have come down to us in their existing form from })eriods 
with which we have nothing else in common; they are not in harmony 
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. with the tone of modern life anù thought, and could Ilot have been 
established in modern times. Neverthe1c
s, they stand firmly Oil their 
ancicnt foundations, and will long continue to stand, more or less al- 
tered. and repaired in accordance with modern exi!!encies. 
But the JUormon church is an eX0eption; it h;s been founded in 
these latter days, ancl may be saiù to bave introducec1 a new order 
of ecclesiastical architecture, although ancient materials have been 
largely employed. lIenee the doctrines and historv of tl1Îs church 
appear to deserve careful study, for it presents to us"a living example 
of what its mightier predecessors must have been in their early ca- 
reer. The extinct dinornis may be studied in the existing apteryx, 
and thus (borrowing a fresh metaphor) among the fossils of the l,ast 
we seem to find one recent specimen, still full of organic life, illustrat- 
ing the laws of growth, the habits, and the constitution of those 8pe- 
cies who:5e dry bones alone remain to us now. The liying apteryx 
seems to be doomed ere long to become like its fossil congeners; if 
so, the time for study and observation is short. 
Even those who ha,-e least sympathy with the peculiar doctrines 
of the ::\Iormons may be willing to enter a protest in their favor, when 
the issue really lies between religious liberty ana persecution. They 
are tlJe only Christian sect that has suffered in our own days severe 
persecution at the hands of professing Christians, and their cause on 
that account demands especial sympathy from all who advocate ab- 
solute religious toleration.-Fortni!Jlttly Revielo. 
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By REV. ARTHUR RIGG, M. A. 


O UTTING edges are sometimes doubled, and thus the chisel 
passes into another group of tools-shears. The most common 
of these is the ordinary household scissors opened and clo
ed hy 
hand; wllPn required for heavier work, then one han(lle is fh:ed in a 
yise, and both hands can he employed upon the other lengthened 
arm (see Figs. 1 and 2). At other times this dO
lhle ch
scl OP?IlS with 
a spring, and then the workman only employs hlm
elf III cl.o!'mg. sUl'h 
npon their work (Fig. 3). Compoull(llever power IS sometImes Intro- 
duced, ancl, as an example of this, here is a pair of very light shears 
called the" little giant" (Fig. 4), the mechanical contrivances in which 
are so adjusted that we can, snlOothly anel without jar, cut an iron rod 
one inch wide by one-quart('r inch thick. The lightnesc; of the tool 
anil the case in cutting are very noticeahle. It is an American con- 
I From a lecture delivered before the Lond.on 
ocicty of Arts. 
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trivance, and the bar of iron is cut with the same ease as though it 
were of lead. This results to some extent from both jaws approach- 
ing each other. The arrangement of levC'rs, cams, and stays, is 
worthy of examination after the lecture. 


FIG. 1. 


The use of the chisel,llOwever skillfully handled, is not satisfac- 
tory o\?er a surface wider than itself, although widened and made two- 
handed, as Fig. 5, aud although the gouge has succeeded, or rather 
been planned to precede it, there is still a tendency almost uncon- 
querable for the tool to follow the leac1ings of tbe fibres rather tlwn 
cut through them at a very slight obliquity. 


FIG. 2. 


The only guidance either the axe, the adze, the pick, the gouge, 
or the chis{'l recflives, is from the skill of the workman. IIence these 
tools produce such different work in ùifferent hands. However much 
it may be desirable to encourage skill in the workman, it is quite as 
desirable to furnish him with implements which shall make the least 



 . 




 


FIG. 3. 


dcmancl npon the exercise of this skill-which shall, in fact, so assist 
the skill in one or m
re directions as to permit all its care in some 
other direction. The aSs
8tance which the chi
el needs is 
nch as 
f:hall not only prevent it running deeper into the timber than is de- 
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sired, but shall enayle it to be used with equal facility 111'011 a Lroaù 
as upon a narrow surface. 
Given a rough piece of timber, nille inches wide and five feet loner 
to be smoothed by tools guided only by the handicraft b1..ill of tl

 
workman, setting aside the adze as dangerous and unsuitable, the 


\ 
-, (; 
_
' 
\ r 
 
/=" 
,' \iI1I 
\ =- => 
( , 
'iI1" "" 

 
- - " "..&II
I h

_"'if 
.
-- _ 
 _ 1 
 
 J 
 -.J 



 
:; 
"" 
 
1 
 
;; 

 3 
3 

 I 
I 
æ 

 
 
) I 

 g 



-ß
 


...-"1\\ 
=- 


- -- 
"-
 


FIG. 4. 


probability is, that the tools selected would be gouges and chisels of 
various breadths and curvatures. The order of use would 11roùably 
be, first, the narrow and deeply-curved gouges, _, these to be fol- 
lowed by the shallower and broader, 
, these again to be followed 
A B 
by the chisels, using in the first place a chisel wider than .A B. 
I..et us congider what these tools would respectively accomplish 
if the timber is rough, as from the axe or pit-saw. The f'mall gouge 
would corrug
te the surface, --------; the second gouge woula en- 
large the corrugation to this, _________________; and the chisel might render 



 


1 


FIG. 5. 


these more irregular. Such considerations as these, combined doulJt- 
less with others, led to the tle
igning- of what may ùe generally called 
the" guide principle," and this has been extended to ,"arious branc
l(,s 
of artisan lahor. .At present we are only concerIH'd with the apphca- 
tion of this principle to gonges and chis('l
. This guide principle 
may con
ist of a guide as to the depth of cut, or as to the form of dIe 
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surface, or as to the direction of travel, or as to tbe correction of cross 
or longitudinal irregularitie
 of surface. 
The guide as to deptb of cut is that which l)robably first pre. 
sented itself as au iml)ortant apI)endage to a chisel, and it IJas led to 
a form of tool of a very useful construction, altbough of limited range. 
The instrument is called a" spoke-shave." In this case the tool is 
that in Fig. 5 with the guide principle introduced, the depth of cut 
being determined by the nearness of the edge to a parallel wooden 
handle. 
This tool, owing to the position of the application of the power, 
viz., the hauds, and the tenùency of resistance by the work to turn 
the whole tool in the hand, is not of general use; where, however, the 
curvature of surface varies, the parings to be removed are light, and 
the workman can have convenient access, the tool is one capable of 
doing good work, and, in some respects, possesses advantages over 
the plane, to which it probably formed an introduction. 
The plane, in its lnost simple form, consists of a chisel inserted at 
an angle into a box, generally of wood, and with the cutting edge of 
the chisel projecting through the bottom of the box. If the actious 
of a workman be noted 3S he is smoothing wood with a chisel alone, 
it will be seen that he holds the bevel edge on the wood, and so 
elevates or lowcrs the handle as to secure a pro}Jer and efficient cut. 
Then he advances the tool in a line at right allgles to its Cl.oss-sec- 
tion. If, noW", instead of thus continuing to hold the tool, the chisel 
was 150 fixed in a nlOvahle picce of wood as to be at the same angle 
as the workman required, then, if the mouth were broad enough, and 
the instrument were propelled along the wood, a shaving would be re- 
uloved very nearly the same as that obtained from the chisel alone. 
In the arrangement thus sketched the workman would be relieved 
from the care needed to keep the tool at a constant angle with the 
surface of the timber. There is, however, a fixity of tool here, and 
consequently an optional or needful adjustment called for by any 
varying condition of the problem cannot be had. When operated 
upon by hand alone, if an ohstacle to tl1e progress of the tool is pre- 
sented, a
, for instance, a twist or curl in the fibre or grain of the 
}>lank-the presence of a knot-then the workman by hand can adjust 
the handle, and so vary the inclination of the cutting edge as the cit,- 
cnlllstances of the case require. Not so if the tool is securely fixed- 
in a box as described. 
"\Vhile, therefore, one gain has been had, one loss has been enconn- 
t.ered, Can the gain be made to more than counterbalallce the loss? 
This can only be answered by obserying the defects of the primitive 
plane, as-hitherto described, and noting what hOl)Cful elements it 
contains. . 
The front of the sole of the box will clearly prevent the pene- 
tration of the iRcased chisel into the wood, because it cannot now be 



lrfORE CO]{CER.;..YI.1YG lrfECIIA1VICAL TOOLS. 


177 


drawn to follow the fibre, should it lead inward. SUP I )OSe llOweyer 
. , , 
that In the progress of the work such a place has been reached as 
woulll have so ùrawn the chisel inward. 'Yhat will harpen ? Either 
the strength of the indrawing fibre will be so great that the work- 
man will be unable to In'opel the tool, or, if not thua impeded, he 
must hy extra effort separate the :fibre and so release the tool. Tliis 
separation, however, will not be by the process of cutting, but lJY 
that of tearing, anù shavings so torn off will have left their marks 
in the roughnesses which attend the tearing asunder of fibrous 
woods. Thus the tool will defeat the very object for which it was 
designed. 
N ow, what is it which so forcibly draws, or tends to draw, the tool 
downward below the surface of the timber? The forces in o!}eration 
are the JIand of the workman and the tenacity of the fibre. If the 
tenacity is greater than the power, the workman must stop. That 
the tool cannot follow the direction of the fibre is clear, because tbe 
front part of the wooden sole forbids the penetration; but that it may 
be brought to a standstill, or must tear off the fibre, is also very 
clear. The mechanician bas therefore to consider bow to defeat these 
tendencies, which, as now sketched, result from a collision between 
the in drawing ,strength of the fibre and the power of the man to cross- 
cut th
 fibre by the tool, or else to tear it asunder and leave the sur- 
face rOllo-h. 
l:) 
Since the tool, as now contrived, cannot efficiently cross-cut the 
resisting fibre, and since that fibre has to be removed, the object 
must be either to prevent such an accumulation of fibres as will stop 
the })rogress of the tool, or to destroy the fibre }JÏecemeal as it is 
operative for hinderance. Both plans have been adopted. A consid- 
eration of the former may l1rove introductory to the latter, which ap- 
pears in almost all attempts to perfect this tool and its appended 
contrivance. 
As the tool progresses, and the fibres becorr.e more and more im- 
l)eding, it will be clear that a portion of this impediment results from 
a condensation of the fibre in the mouth of the wooden Lox. The 
more numerous the fibres admitted here, the greater willlw the con- 
densation. This state of affairs can be })artiaHy oLviated by a nar- 
rowing of the mouth of the plane; snch an act, of course, requires tùat 
the introduced chisel should enter less deeply into the timùer being 
operated upon. Although thus abated, the cause is not removed, aud 
even if so far abated as to prove no real impediment to the workman, 
yet the quantity of material removed on each occasion "ill Le so 
small that the tool becomes one for finishing work only, and 1l0t for 
those various operations to w bich its prescnt powers l'èn:l Lle artisans 
to apply it. 
To be the useful tool it is, the mouth must not be so narrowed, nor 
the inserted chisel so withdrawn, that the shaving is thus the thinnest 
VOL, x.-12 
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possible. This led to a contrivance now almost universal, that of 
breaking the fibre so soon as it is separated from the piece of timber. 
The designer seems to bave considered that, as soon as a Ehort length 
of shaving had been removed, it would be well to destroy tbe continu- 
ity of the fibre, and so prevent an accumulative resistance from this 
cause. Hence, instead of allowing the cut-off fibres to 
lide Ul) the in- 
serted chisel, he bent them forward, in fact, cracked them, and 80 
broke the cumulative indrawing force of them. This he accomplished 
by the use of what is now called the back-iron, and henceforth the 
boxed-in chisel loses its identity, and must be regarded as })[lrt of an 
indepelldenttool. 
The tool thus built np is called a plane, and from its general utili- 
ty, and capability of adaptation to various forms and conditions, it is 
well deserving of the high opinions entertained of its powers. Three 
forms of this tool are in general use in Engli!:'h worksho])s, called the 
"jack," the "trying," and the "smoothing" l)lanes. These are on 
the bench of all workers in smooth, straight-surface wocd. Although 
externally alike except in size, they are yet used for different purpo!'es, 
and each has a specialty met with in its construction. Thesc special- 
til.'S may now be considereù. 
After the wood has passed from the sawyer into the l1anås of the 
carpenter, the surface undergoes those operations w}1Ïch render it 
true and smooth. These three planes do this work. The" jack," 
usually about fifteen inches long, ana the "trying" l)lane, ranging 
from eighteen incLes to twenty-four inclJes long, but, in exceptional 
cases, far exceeding these dimensions, are to external appearances 
alike; indeed, some regard the different ll:lJ](1]cs ns tbe only distinc- 
tions between them, and that these handles show which must be used 
for rough work and which for smooth (see Fig. 8 as an examl,le of the 
ha.ndle of a "jack-plane," and Fig. 9 as an example of a " trying-planc 
ha.ndle "). This is an error. There are other differences, but the main 
and leading one is the diflerent form given to the edge of the cutting- 
Iron. 
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FIG. 6. 


FIG. 7. 


If the iron of the" jack" plane be looked at from the front end of 
the plane, the form of tIle edge will be curyed, as in Fig. 6; but the 
iron of the" trying" plane is straight, as in Fig. 7. LI)on the curya- 
ture of the edge de})ends the efficient action of the" jack." 
Sufficient has been said of the tendency of the fibre to draw the 
tool downward; but it must not be forgotten that the same ad11esion 
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of fibre to fibre takes place ùetween the surface-fibres as among those 
1wlow the surface. If tools exclut1ed from tbis course of lectures bad 
entered, we should have found that these connecting surface-fiLns 
are separated by the addition of certain supplementary appendages to 
the tools. The depth to which the })lane penetrates bas led to the 
coml)ination in one edge of such supplementary parts. 
For the purpose of separating the surface connecting :fibres, the 
jack-iron is convex. Note now its action. The convex sharp edge 
is })ushed along an horizontal})lank, penetrating to a depth determined 
by the projection of each vertical section ùelow the sole of the plane. 
The ends of this convex edge are actually within the box of the plane; 
consequently (sideways) all the fibres are separated by cutting, and 
are therefore smooth and not torn. The effect of this upon the entire 
surface is to change the surface from the original section to a sec- 
tion irregularly corrugated. The surface after using the" jack" is 
ploughed, as it were, with a series of valleys and separating hillocks, 
the valleys being arcs from the convexity of the tool, ana the separat- 
ing hilloc1.s being tbe intersections of tbese arcs. All traces of the 
tearing action of the saw have been ]'emoved, and from a roughened 
but level surface a cbange has been, made to a smooth but in cr08S- 
section an undulating oue. 
The mechanician's next object is -to remove tbese lines of separa- 
tion between the valleys. For this, the trying-plane is required. The 
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FIG. 8. 


trying-plane is longer than the jack, because the sole of the l)l
ne 
which is level is, so far as its size goes, the counterpart of tbat whIch 
the surface of the wood is to be; further, the trying-plane should 1e 
broader than the jack, because its object is to remove the valleys, 
and" not to interfere with the wood below the bottoms of the ,-alleys. 
If its action passes below the bottoms of the furrows, then occa
ion 
arises for cutting the side-connection of the fibres, and, however a 
workman may sharpen the edge. of bis trying-plane for this purpose, 
lIe in one respect has destroyed one object of the 11lanc, because,. EO 
soon as the iron penetrates below tbe surface, so soon does t110 dleet 
of the jack-action begin to reappear, and the cutting edge sllOuhl pa
s 
from the shape shown ill Fig. 8 to the shape in Fig. 7. The result of 
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the trying-plane following the jack is to remove all the elevations of 
wood above the valleys the jack left; and, secondly, to compensate by 
its great length for any want of lineal truth consequent upon the 
depth of bite of the jack. Again, the mouth of the trying-plane is 
much narrower than that of the jack; hence the shavings removed 
are finer; therefore the slope of the iron, or its inclination to the wood, 
may be less than is the iron of the" jack "-hence the line of cut is 
:more neady accordant with that of the fibre, anù by so much the sur- 
face is left more smooth from the trying-plane than from the jack, as 
there is more cutting and less tearing action than in the jack. The 
reasoning hithel.to pursueù in reference to the purpose of this sequence 
of a jack and tl.ying plane might and docs legitimately produce the 
conclusion that, after the trying-plane l)as done its duty, the work is 
as perfectly finished as it can be. Custom, and perhaps other con- 
- siderations, have established that after the long trying-plane must 
foHow the short and almost single-banded smoot.hing-plane. So far as 
the form of the iron of the smoothing-plane is concerned, thel.e is no 
difference between it and the one used in the tl-ying-plane; each (as 
across the plane) is straight, the corners being very slightly curved, 
but only so much as to insure that they do not Inoject below the line 
of the cutting edge. 



 


FIG. 9. 


The facet edge and inclination of the cutter to tIle work, and the 
position of the back-iron, are now under consideration. 
It would seem that, while the trying-plane leveled down all the 
elevations left by the jack, and brought the surface of dIe wooù as a. 
counterpal.t of that of the plane, tIlCre might be, in the fì1)l'e or grain 
of the wood, twists, curls, and other irregularities, which, while lev- 
eled, were yet left rough in consequence of tbe airectiou in which the 
cutting edge came upon them. Indeed, this cutting edge in a long 
plane, which must advance in the direction of its length, must at times 
come across a large number of surfaces where the fibre is in OPI)osite 
directions. The consequence is, that there will be various degrees 
of smoothness; for good work these must be brought to uniformity. 
This is effected by passing a short-soled plane over the reRpective 
})arts of the surface in such directions as observation may suggest. 
Hence the smoothing-plane is of use chiefly to compensate for such 
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changes in the direction of the fibres of the wood as tIle JonO'er lrnO'th 
of the trying-plane could not conveniently ùeal with. IIi
herto,Owe 
have regarded the plane as arranged with a " guide principle" which 
f'hall always repeat a straight, level surface. The guide may, how- 
ever, be the counterpart of any required surface. The plane made of 
iro.n, 
ow in my hand, has an elastic steel sole, which, by means of 
adjUstIng screws, enables a workman readily to convert a straiO'ht- 
faced sole in.to one either concave or convex. This is an American 
production (see Fig. 10). 


" 


'-", 



 
--- 
."-' " 
.......... 

( ,
 


.ill .
 
'{
 

 


-- 
 ..:-
 
..,..,,-------------- 


-- 
" -_'" 7";'
(j; 


--------
--._-----.... 


FH.. 10. 


There is also in tbis anù other planes a mode of fixing the iron 
which deserves more general adoption than it receives, viz., by a cam- 
action. It will often be noticed that, where the holding-wedge binds 
on the box of the plane in our ordinary planes, the wood has split. 
This arises from a commendable but, in this case, too strict a care 
for a good fit; hence the wedge is made tight where it should be 
slack. 


... 


'VHAT Al\IERICAN ZOÖtOGISTS ITA VE DOXE FOR 
EVOLUTION.! 


By PROFESSOR EDWARD S. :MORSE 


II. 
I N the "l\Iemoirs of the American Academy of Sciences" may be 
founel a profound mathematical ec;say "On the Uses and Origin of 
the Arrangement of Leaves and Plants," 2 by the lamented Chauncey 
'Yright. After discussing the laws of phyllotaxy, anù showing that 
the botanist is wrong in supposing this a law at the outset, :Mr. 
WriO'ht states" one of the utilities, so to speak, in the apparently 
o 


1 An addre
9 delivered at the meetinO' of the American Association for the Adnnce- 
ment of Science. Read at Buffalo, Kcw C'York, August, 1876, by Edward S. Morse, Yice- 
President of Biological Section. 
:l " Mcmoirs of the American Academy," T'ol. ix., p. 379. 
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undeviating arrangement of leaves, to be the distributing of leaves 
most rapidly and tboroughly around the stem, exposed more com- 
pletely to light and air, and provided with greater freedom for sym- 
metrical expansion, together with more compact arrangement of 
bud;" and he asks, '
 1Vhat bas determined such an arrangement of 
vital forces?" Theory of types would sa)", their very nature, or an 
ultimate creative power. Theory of adaptation would say, the ne- 
eessity of their lives, both outward and inward; or the conditions, 
both past and present, of their existence. 
'V"lw.tever tends to show modification in the markings, color, size, 
food, or change in the variety of habits manifested by animals, fur- 
nishes just so many indications of tbe unstable character of what had 
before been considered stable, and gives an infinitely wider field for 
those unconscious selections whose operations are coincident with 
- every change in the physical features of the earth. On the theory 
of derivation additional confirmation is given to the deductions of 
geologists based upon the stratigraphical and })aleontological evi- 
dences of the rocks. The survival of a marine crustacean in the deep- 
er waters of Lake l\lichigan, as discovered by Stimpson, coupled with 
similar occurrences in the lakes of Sweden, suggests the past connec- 
tion of these waters with the ocean. In the same way the persistence 
of arctic forms on high mountain-tops indicates the existence in past 
times of wide-spread glacial fields. The interesting discoveries of JUl'. 
Ernest Ingersoll, in tbe Rocky l\Iountains, of the occurrence of t\VO 
species of marine mollusks and living cra
)s belonging to marine forms, 
and tiny air-ùreathing nlollusks peculiar to the Gulf coast and 'Vest 
Indies, point as distinctly to the past connection of that region with 
the ocean as the records of marine life left in the l"ocks. And more 
than this, the survival of these few forms gives us a conception of the 
thousands of animals which have succumùed to the changed condi- 
tions. Connected with the eviJences of recent elevation of this re- 
gion are the discoveries of l\Iarsh in finding that, when the gill-bear- 
ing salamauder SiJ'edon is brought down from the colder waters of 
the Rocky l\Iountains to the warllle
 waters below, a c.omplete change 
takes place in a loss of the gills and the conversion of the animal 
iuto the air-bre
thing genus Anl,blystom.a. 
- This exhibits on a wider scale the experiments often performed in 
keeping tadpoles in the dal'k and cold, awl indefinitely ret:1l'ding 
their developIl1Cnt, thus forcing them, as it were, to retain their ear- 
lier condition. Among tbe many millions of individuals of Ambly- 
stoma, some must have presented the anomaly of a premature devel- 
opment of their oyaries before the larval stage had passetl away 
(Ümilar cases being observed among insects), and thus it 1ms been 
possihle for thenl to perpetuate their kind in this Etage. The Axo- 
lotl, having tùe longest persisted in this mode of growth, has be- 
conle, a" it were, almost fixed in these retrograde characters, only a 
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few eX3mples being known in which the creatures have lost their 
gills 3.nd assumed the mature characters of Am blystomn, lmt with 
biredon a change takes place with a pI'oper change of surroundings. 
To American students we are indebted for most valuaùle contri- 
butions regarding the eft{>ct of cave influences on animals livin N 
within their boundaries. Looking at the cave fauna with its pccul.. 
iar assemblage of animals, it would seem that here, at leREt, the 
question as to the effects of certain external influences, or the absence 
of others in moJifying structure, might be found. 
l\lany years ago the editors of SUliman's Journal addressed a 
letter to Prof. Agassiz respecting the blind fishes of the ::\Iammoth 
Caye, and asked his opinion as to whether tlwir peculiar structure 
was due to their cave life, or whether they bad lJeen specially crented. 
Agassiz's 1 reply is consistent with his belief. He says, 
'If physical 
circumstances ever modified organized beings, it should bé ea
ily as- 
certained here." lIe then expresses bis conviction that" they were 
created under the circumstances in which they now live, within the 
limits over which they range, and with the structural pecu1i:nities 
which characterize them at the present day," adùing frankly, bow- 
ever, that these opinions are mere inferences. 
'Vith the contributions on cave insects by the eminent zoölogist 
Schiödte, and our own naturalists as we11, we lmve now overwhelm- 
ing proof that the blind fishes and numerous other cave animals are 
marked with peculiarities impresseù upon them by the unusual envi- 
l'omnents to which they have been subjected. 
In a work on the animals of tbe ::\Iammoth Cave, by Dr. A. S. Pack- 
ard and Prof. Putnam, the first-named writer quotes the results of 
Schiödte, wherein he sLows the existence of twilight animals in whidl 
but slight modification occur
, while in darker places tlJC c1wnges Le- 
come more profound. 
Dr. Packard 2 sums up the results of his work as follows: " We 
then see that these cave animals are modified in various ways, somc 
being hlind, others very hairy, others with long appendages; all are 
not modified in the same way in homologous organs, another argu- 
ment in proof of their descent from ancestors whose babits varied as 
their out-of-door allies do at preEent." 
Prof. E. D. Cope,s in an article on the fauna of 1Yyandotte CaY(
, 
in commenting on the loss of e
Tes in cave animals from aLsence of 
1ight, and consequent disuse, says that, to prove it, "we need only to 
establish two or three propositions: 1. That therc arc eyed genera 
corresponding closely in other general ch:uacters with the blind one
. 
2. The condition of the visual organs i
 in some caye type ,al'l- 
able. 3. If the abortion of the visual organs can be show11 to t
lke 
place coincidently with general growth to maturity, an important. 
I American JOU1.nal of Science, second series, vol. xi., p. 1 
8. 
i "Life in the Mammoth Ca\e," p. 27. 3 A1ltlrican .Katu1'alist, voJ. Vi., p. 4HS. 
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point is gained in explanation of the modus operandi of the prncess." 
lIe then proceeds to point out a number of related genera in which 
the external ones preRent eyes, whi1e the cave forms are blind. As to 
variability, he cites the blind siluroid fish from Conestoga, Pennsyl- 
vania, showing that, while all of several specimens were bUnd, the 
degree of atrophy W3.S marked not only in different fishes, but even on 
different sides of tùe same fish. In some the corium was perforate, 
in others it was imperforate. In somG the ball of tbe eye was oval, 
in others collapsed. 
We have in the meagre fauna of the caves convincing proof of the 
gradual undoing of parts-so to speak-on the withdrawal of influ- 
ences favorable to them; even so exquisite a structure as the eye as 
a result of selection almost inconceivable, yet not only becoming 
rudimentary, but almost disappearing, by the withdrawal of tbose 
iufluences which were in part conducive to its building up. So dis- 
tinct are these undoing stages that, were we sure of the stable vari- 
ability of all of them, we could with certainty indicate the relative 
age of each cave inhabitant. 
Prof. Alpheus Hyatt and Prof. E. D. Cope almost simultaneously 
establishec1 a number of I)ropositions rdating to certain large groups 
of animals which had never been recognized before. The theory of 
acceleration and retardation in which certain groups acquire rapidly 
new characters, while corresponding groups acqnire the same charac- 
ters more slowly, fm'ms a portiol\ of the theory of these naturalists. 
Prof. IIyatt has shown among Ammonites a parallel between the 
life-stages of
 the individual and similar stages in the group based 
upon an examination of suites of specimens as studied by him in 
Europe ana America. It is utterly impossible to do the s1igbtest 
justice to the thoroughly original views of these gentlemen without 
the aid of explanatory diagrams. 'Vhile reluctantly abandoning the 
attempt, I must at the same time express the regret that neither of 
these investigators has seen fit to present to the public an illustrated 
and simple outline of the main features of their theories and the facts: 
Prof. Cope basing in part his propositions 011 groups of animals, many 
of which comprise fossil forms brought to light in the "'.,. est, of which 
but few restorations have yet been made; and Prof. Hyatt basing his 
work on fossil Ammonites from the Jurassic and adjacent beds of 
Europe, of which but one coml)lete collection is to be founù in this 
country. 
Surely, with this unfamiliar material, an excuse may be offered in 
not attempting a popular presentation of propositions and laws, SOUle 
doctrinal and others theoretical, which must yet be looked upon as 
profound and permanent adl1itions to the philosophy of evolution. A 
reference may be made to Prof. Cope's essays, entitled "Origin of 
Genera," "On the :Method of Creation of Organic Types," "Con- 
sciousness in Evolution," " On the Theory of Evolution," and nunlcr- 
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ous other memoirs from which may be gathered. the autllOr's views 
on the subject. The eRsays of Prof. IIyatt, " On the Paralleli
m 1)c- 
tween the Different Stages of Life in the Individual nnù those in the 
Entire Group of tbe :Molluscan Order Tetraùrauchiafn," "HeversiOllS 
among Ammonites," " Evolution of the Arietidæ," "Genetic I:elations 
of the Angnlatidm," " Ahstract of a 
Iemoir on the Biologic'al Rela- 
tions of the Jurassic Ammonites," are altogether too tedmical to 
condense into an address of this nature. It need hardly be mentioned 
that in these memoirs invaluable contri1mtions are made to the doc- 
trines of natural selection. And now we come to the most difficult 
})art of our work: to compass within the limits of a few pages the mag- 
nificent discoveries of Leidy, 
Iarsh, and Cope, in the J.ieh fossilifprous 
beds of the West. The wonders are so unique and ynried; they have 
been poure<.l upon us with such prodigality of material and illustra- 
tion, that one is bamed in an attempt to compass their characters, or 
to picture them as realities. 'Yhen Darwin offered the imperfection 
of the geological record as possibly accounting for the absence of iu- 
termec1iate forms which might have existed, he was at once met by 3. 
series of protests so strenuous, and at the same time so sl'eciouFl, that 
they had their full weight in staying the force of that )1rophetic chap- 
ter. Darwin, in this chapter, distinctly stated that not only were 
there forms which had never yet ùeen seen, owing to the imperfection 
of the geological record, but that time might possibly ùring- them to 
light, and, when discovered, we should have revealed to us interme- 
diate characters which would connect widely-separated groups as 
they are recognized to-day. 
Behold the prophet! Animals 11aye been di
coYeJ:ed, not only 
showing the characters of two widely-separated groups, but in some 
cases of three groups as they now appenr. IIow distinct the hoofed 
quadrupeds, the carnivora, and tbe rodents, appear to-dny ! Y t't h('re 
are discoverecl ancestors of these widely-separate groups, in which 
are contained in one individual the characters of all t!)ree! Uf the 
ungulates with the perissoc1actyle foot, there bave ùeen discovered a 
larO'e number of ta p iroid forms allied to Paleotherium; others whic)), 
o 
1ike Anchitherium wonderfull y fill the 0'3 1 ) between the hor
e and 
, b 
forms lower down. a larO"e suite of l'hinocerotic crpaturcs of strange 
, 0 
character and enormous size; a great num her of species of three- 
toed borse, some no larger than foxes, and with tllesc a perplexing 
maze of deer, antelopes, sheep, cameìs, hippopotami, and pig-like ani- 
mals, ruminant-like beasts, some of them not larger than nn ordinary 
squirrel: a curious group, comprising a large numùer 
f f'pecics with 
characters intermediate between the pigs and rnmmants. Prof. 
}-"lower, the great English osteologist, confesses that tLese forms 
completely break down the line of demarkation hetween them, and 
adds tbat "a gradual modification can be trnced in the charac
crs 
of the animals of this group, corresponding with their chronologIcal 
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position, frQill the earlier more generalized to the latest comparatively 
specialized forms, thus affording one of the most complete pieces of 
evidence that are known in favor of a progressive alteration of form, 
not only of specific, but even of ger.eI'ic importance through advanc- 
ing ages." Tbe probable home of the Camelic1æ has been revealed in 
the discovery of llama-like creatures, gigantic mammals, in some cases 
exceeding the elephant in size, but with a diversity of characters 
hitherto unseen either in recent or fossil forms, combining as they did 
the characters of perissodacty Ie and proboscidian. 
A numberless variety of Carnivora, many of them embracing the 
most generalized groups, have been brought to light, such as Cl'eat- 
ures between the wolf and the opossum, generalized dogs, and sabre- 
toothed cats. 
A great many species belonging to the Rodentia, Insectivora, and 
Chiroptera, have been identified; still more wonderful is a group of 
creatures so unlike any beast heretofore known that Prof. 
Iar8h has 
made a new order to include them unùer the name of Tillodontia. 
They combine the characters of several distinct grQups, namely, the 
carnivores, ungulates, and rodents, and some of them in size equal- 
ing the tapir. Of great interest also is the discovery of fifteen llew 
genera, belonging to low forms of primates. All of these creatures, 
embracing Jmndrcds of species, are generalized in a high degree. 
New orders have been erected to embrace some of them. One has 
only to ulldersta
d the specialization of modern animals to al)preciate 
the generalized character of these early forms. 
Prof. 1'1ar811 has s110wn that all the ungulates in the Eocene and 

liocene had upper and lower incisors; ana, again, that all the Eocene 
and )Iiocene mammals, including the Carnivora, had two of tbe wrist- 
bones, the scaphoid and lunar, as distinct bones. 
The class of birds so long represented as a closed type can no 
longer occupy that isolated position. The proper interpretation of 
archæoptpryx has, in the discoveries of 
!arsh, new interest. lIe has 
discovered a number of species of birds, for which a new sub-class is 
made. This snb-class will embrace two sub-orders, one in which the 
creatures had teeth contained in grooyes in the jaws; the other had 
true teeth in the sockets. The first were swimming-birds of gigantic 
size, with rudimcntary wings; the second embraced small birds, with 
})owerful wings and bi-concave vertebræ. 
Prof. Cope has also brought to light a remarkable gigantic bird 
from the Eocene of N ew 
Iexico; its size indicates a species with feet 
twice as large as those of the ostrich. lIe shows it to be distinct from 
any of the genera of Strutldonidæ or IJionornithidæ. Besides aU these 
wonders, a host of new forms of reptiles and fishes have been discov- 
erc(l by these indefatigable explorers-huge pterosauria discovered by 

larsh with a spread of wing of twenty-four fcet; and of more spccial 
interest is the fact that no trace of tceth can be found in the jaws. 
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It is impossible for me to nlOre than allude to these remarkalJlc 
additions to our knowledge of these early forms, anù until tlley llave 
all been figured with natural outlines, and perplexing questions as to 
priority in discovery rectified, it will he difficult ill some caRes to ac- 
credit individual work. nut in the light of these profound revela- 
tions, how blind seem the attempts to establish a classification on the 
forms heretofore famiJiar to us, and to rear these illtO circulliFcriLed 
groups between which it was asserted no forms of intermeùiate kinds 
were to be expected! 'Yith the twenty-five or thirty species of fossil 
horses at our command, some with four toes, others with three, in 
various stages of reduction, it is interesting to ùring 'Lack to mind 
the earnest Geoffroy St.-Hilaire painfully endeavoring to trace tl1è 
genealogy of the horse, with a few widely-separated forms of e
til1ct 
mammals as his only guitle in the 'work. 
The special investigations of 
Iarsh and Leidy reveal an almost 
unbroken line from our present horse with its 8imple toe, a1H.1 two 
rudimentary metatarsals in the shape of the splint-bones, to a crcature 
in which metatarsals support rudimentary toes, anù still other forms 
in which these rudimentary toes are working-toes, and l)elow that 
a.gain another form in which a fourth toe is seen as a rudiment, till 
forms are reached in which al1 the toes rest on the ground. It is still 
more striking to study attentively those earlier generalized horses 
with fOUl' toes, and follow the successive reduction in the number of 
toes as the later formatioÍls are reached, till in tIle latest depo!-its and 
at present we bave the modern specializeù horse with but a single 
toe, the lost toes represented by two slender bones hidtlen beneath 
the flesh. .,..\nd now comes crowning proof t}wt our modern horse 1J38 
been derived from some three-toed progenitor, for in certain instances 
horses have come into existence with splint-bones developed into sturùy 
bones sustaining at the extremities phalangeal bones, and outside ac- 
cessory hoofs! Such freaks of Nature demand all explanation. TIH.'Y 
receive a rational one throuo-h the theories of Darwiu. "
ithout the 
ö 
law of reversion, we are left in ùlind bewilderment. 
'YI1ile all these facts in overwhelming array testif)? to the cxtreme 
mutability of forms, induced oftentimes by apparently tIle most triv- 
ial of causes, and set at rEst the question as to tbe fiXeÙlh:
::' of 8pe- 
cies, they show at the same time the riclmess of tLat store from which 
by natural selection forms may ùe selected. . 
Realizing the uniformity of Kature's laws, t110 human mll1d 
bravely asks, "Do these wonderful interpretations throw any light 
upon the origin of man?" 
Rio.idl y adherino- to the inductive method, f:cience is prepared to 
o 0 . 1 
SllOW that man did not appear s1.Hhlenl)? an
 free from those amma 
nroclivities and passions which make him a 8illful creature, ùut that 
he has risen from a lowly origin, and his 1)assions and dl'!Sires,lmt 
f
ebly repressed, may be as surely traced to anc(.':::;tral trait8, 3.S thè 
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abcrrant muscles in his structure may be recognized in some degraded 
progenitor. And in proof of this there is established a series of facts 
of precisely the same nature as is seen in those discoveries which link 
the horse in an almost unbroken line to earlier ::md more generalized 
animals. 
It is instructive to rcad the discussions in relation to man's posi. 
tion in Nature as represented by Agassiz, J\lorton, and others. 
The position that these eminent men were justified in taldng 
shocked the Church, and received from her the same vigorous denun- 
ciations that Darwin was forced to bear at a later .day. 
The systematist, in formulating the Eeparate species and genera 
of the apes and monkeys, was early led to see that man also in "Vari- 
ous parts of the world presented differences quite as striking, and 
if it were assumed, as indeed it was, that the peculiarities among 
nlen were only varietal, then it could be claimed with equal empha- 
sis that the differences among apes were only varietal. Agassiz, in 
his keen grasp of things, readily saw this, and, since the races of men 
revealed differences just as specific in their characters as the animals 
immediately below them, he was forced to admit the plurality of ori- 
gin of the human race. lIe says: 
"Unless we recognize the differences among men, find we recognize the 
identity of these differences with the differences which exist among animals, we 
fJ,re not true to our subject, and, whatever be the origin of these differences, 
they are of some account; and if it ever is proved that aU men have a common 
origin, then it will be at the same time proved that aU monkeys bave a common 
origin, and it will by the same eviùence be proved that man and monkeJs can- 
not have a different origin." 


He confesses that he " saw tIle time coming when the position of 
the 'origin of man would be mixed up with the question of the origin 
of animals, and a community of origin might be affirmed for then1 
all." 'Vith these convictions it is not surprising that he should have 
been lcd to express the opinions regarùing the diversity of the human 
race that we find recorded. 
Agassiz, in the meetings of the American Academy, repeatedly and 
in various ways illustrated the diversity of the human racc. In one 
place he alludes to the difficulty in defining the species of man, and 
says the same difficulties occur in defining the species of anthropoi(l 
apes. 'Ve quote from the records: 
h The languagea of different races of men were neither more different nor more 
similar than the sounds charncteristic of animals of the same genus; and their 
analogy 
an no more be fully accounted for on any hypothesis of transmÌ'ssion 
or tradition than in the case of birds of the same genus uttering similar notes in 
Europe and America."-(" Pr.oceedings of the American Academy," vol. iii., p. 6.) 


Again, in a later volume, he expresses a general disbelief in tJIe 
supposed derivation of later languages frOln earlier ones. He re- 
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garded each language and each race as substantially primordial, and 
ascribed their rescmblances to a similarity in the mental organizatioIl 
of the races. 
This extract iHustrates the extremity to wl1Ïch one is logically 
driven if he accepts the hypothesis of t5pecial creation, and thcse 
words are quoted, not with the Lelief that at the In'cscnt time tlH'Y 
would have been uttered, but as illustrating the IlCcessaIT admissions 
with the theory of plurality of origin. In prccisely the same man- 
ner that Whitney, l\Iüller, and other eminent philologists, IUlYe shown 
the outgrowth of lu.csent existing languages from IHimitive forms 
of language, so science is preparcd to show the outgrowth of l)res- 
eut men from primitive forms of animals. Agassiz was bitterly as- 
sailed by the ULurch for the bold attitude he aSf:umed regarding the 
l)lurality of origin of the human race, though now that sciC'nce will 
show that after all man has originated from a common centre, it seems 
no better satisfied. The facts bearing on man's lowly origin }mve 
been fully coutributed hy American students, and, as all intelligent 
men understand the bearing of these facts on the question, it is only 
necessary to allude to thCln here. If man has really been derived 
from an ancestor in common with the ape, we must expect to show- 
1. That in his earlier stages he recaJIs certain persistent characters 
in the apes; 2. That the more ancient man will reveal more ape-like 
features than the present existing man; and, 3. That certain character- 
istics pertaining to early men still persist in the inferior races of men. 
Prof. \V yman 1 points out certain resemblances between the lim1)s 
of the human embryo and the permanent condition of tIle limbs of 
lower animals. In some human embryos about an inch in length he 
found that the great-toe was shorter than the others, and, instead of 
being parallel to them, projected at an angle from the side of the 
foot, thus corresponding with the permancnt condition of this },art 
in' the Quach-umana. 
In some observfl.tions made on the skeleton of a IIottentot, Prof. 
'V yman 
 calls attention to the complete ossification of the nasal 
bones no trace of a suture remaininD". Tbis was more notic(.aLle as 
, ö 
tbe individual was Y ounD" and the other bones were immature, and 
ö' 
had an interest" in connection with the fact tlUl.t the Ilasal bODes are 
coässified at an early period in the Inonkeys and before the comJ)letion 
of the first dentition in gorillas and chimpanzees." Careful measure- 
ments of the pelvis also revealcJ qU3drumanous fe'atures, though" the 
resemblance is trifling in comparison with the diflèrellce8." 
In a study of the crania 1V yman 3 found c1iflèrences in tIle rela- 
tive position of the fora'ine;
 magnum. In the North American In- 
dian this opening was farther back than ill the negro, while so
e cra- 
nia from I\:auai presented this opening still farther Lack thall III the 
1 "Proceeùings of the Boston Society of Katural IIistory," Y01. x., p. 183. 
i Iùid., vol. ix., p. 332. II Ibid., vol. xL, p. 447. 
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IIH1ian; ana more than half the lot from Irauai had the peculiarity in 
the nostrils first pointed out in 'the negro by Dr. John Neil, of Phila- 
dell)hia, namely, the deficiency of the sharp ridge which forms the 
lower border of the opening. In its place is a rounded border, or an 
inclined plane. 
ThÏß feature occurs very frequently in different races, but nlore 
rarely in Europeans. It is, however, never absent in the apes. Prof. 
W rman, in studying the characters of certain ancient crania from a 
burial-place near Shell :.1lound, Florida, observed the foræmen mag- 
num quite far back, and remarks on the massive character of the boiles 
composing the skull, the l)arietal being nearly twice dIe thickness of 
ordinary parietals, while the general roughness of the surfaces for 
muscular attachments 011 the hinder part of the head is very strik- 
ing. 1 
In certain measurements of synostotic crania, Prof. 'Yyman 
fO
Ild that the length of the parietals was twenty.four nÜl1imetres 
ubove the average, the l)arietals being lengthened fronl before back- 
ward, the frontal ana occipital being but slightly augmented. Now, 
in the much-discussed Neanderthal skull, wLerein it is urged by Dr. 
Davis that it is a synostotic skull, though denied by I-Iuxley, 'Vyman 
shows that the parietals lneasure ninc millimetres velmc the average, 
which is certainly against the view that the K eanderthal skull is 
synostotic. 2 
In an essay entjtled " Observations on Crania and Other Parts of. 
the Skeleton," Prof'. 'Vyman shows that the relative capacity of the 
skull "is to be considered merely as an anatomical and not as a 
physiological characteristic," I a most important distinction certainly 
in considering tl1e large capacity of certain ancient skulls, since we 
must know the quality as well as the quantity in order to assume the 
intellectual position of the races. In this essay are also quoted the 
results of a large series of measurements made by Dr. B. A. Gould, 
in which it is shown that the anus of the blacks are l'elatively longer 
as compared with the whites, in this respect approaching the higher 
animals, a confirmation of tbe observations made by Broca, Pruner 
Bey, Lawrence, ana others. 
The perforation of the humerus, which occurs in the apes quite 
generally, was found to occur rarely in the white race. Of fifty 
humeri, 'Y yman found but two perforated, while of Indian humeri 
he found thirty-one per cent. perforated. In some of the remains of 
ancient men there has been found a remarkable lateral flattening of 
the tibia, unlike anything found nt present, but always characteris- 
tic of the earliest races. These tibiæ have received the name of 
platycnemic tibiæ. 
J "Fourth Annual Report of the Peabody Archæological !Iuseum. Cambridge." 
2 II Proceedings of the Boston Society of Natural History," vol. xi., p. 455. 
3 II Fourth Annual Report of the Pèabody Archæological Museum." 
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,V yman 1 quotes Broca as saying that the measurements of these 
tiLiæ resemhle the ape, and, what is more striking, in a small llumLei" 
of instances" the bone is bent and is strongly convex forward, anù 
its angles so rounded as to present the nearly oval'sectioll seen in the 
apes." The occurrence of these platycnemic tiLiæ has Lecn noticed 
ùy several investigators. They have been obtained from the mounùs 
of Kentucky by )Ir. Carr, )11'. Lyon, and Prof. Putllam. Prof."
 yman 
found them in Florit1a mounds. To 
lr. Henr y Gillman of Detroit 
, , 
science is indebted for the discovery of the flattest tilJiæ ever recorded, 
exceeding even those discovered in Europe. l\Ir. Gillman has opened 
a number of mounds along the Detroit and TIouge Rivers in )lichigan, 
and assiduously studied the characters of these remains, w!lith indi- 
cate a very ancient race of men. l\Iany of these tibiæ he has 'seut 
to the Peabody Arcbæological :Museum at Oambridge. Associated 
with tbese remarkable tibiæ he foulld large numhers of perforated 
humeri. 
At the Detroit nleeting of the Association, Prof. 1\. S. llarnard 
showed that the muscles which move the fingers and toes have been 
developed ti'om one common muscle, and, in studying the various de- 
grees of specialization of the muscles which move the hand and foot 
in the gorilla and lower apes, he finds that in the foot" mall remains 
a creatur
 of the past not modified by that which makes him a man, 
the hrain. The hand has been modified and perfected by its services 
to the brain." Prof. Barnard also contributed another essay, eutitll'd 
" Co!npar:1tive JUyology of 1\I3n and the Ape
." From very can.ful 
studies he is led to believe that the relatiye position of the origin of the 
muscles is nlore constant than that of their insertions. In this ex- 
amination tIe brings to light a muscle which Traill diHsecteù in the 
higher apes, and which he called the scansorius, and this was snp- 
I)osed to ha\"e no representati\'e in man. 
Traill was followed by ,y )
man, Owen, Wilder, aud nischofi
 "Who, 
in a controversy with IIuxley, argued from this muscle 3gaill
t the 
simian origin of man. 1\11'. Barnard now shows that Traill was mis- 
taken, and that other naturalists were misled by the weight of his 
authority. What Train interpreted as the gluteus 'JlziuiulllS is the 
pyrif01'mis, and what he figured as a new nluscle t5eparating the apes 
from man, the scansorius, is the homologue of our gluteus miJlimus. 
From gradually accumulating data, in regard to microcephalic 
6kulls, it would seem as if Carl V ogt were right in judging them to be 
cases of reversion. Prof. 'Vyman says, in regard to a microcephalic 
skull from l\Iauritins, that, " taking together the high temporal ridges, 
the union of the temporals with the frontals, thc }wojection of the 
jJ.ws, the narrow and retreating forehead, the small capacity, and the 
form and proportions of the nasal openings, the gener[)l resemblance 
to that of an ape is most striking, and seems to justify 'T'ogfs expn.
:''' 
I "Fourth Annual Report of tbe Peabody Arcbæological )Iuscum." 
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sion of a man-ape, it being unJerstoocl that the skull we are describing 
is not a natural, but an anomalous formation." 1 
It would be difficult to imagine, indeed, that mere reduction in 
the size of the brain, through arrest of development, should produce 
a. series of characters so closely resembling the apes as is found to be 
the case in so many wIdely-separated examples. Thus, in the J\Iau- 
ritius microcephalic skull the capacity is only twenty-five cuùic inches. 
The ja ws are extremely })rognathous, the zygomatic arches stand out 
wiùe and free, and the temporal ridges approach 1vithin one and a 
quarter inch. If sueh examples should prove to be vcritaLle cases 
of revel'sion, tlwn we have a parallel in the startling appearance of 
the long-lost l'udimentary toes of the horse, traces of which 3re only 
seen in the hiJden splint-bones. In the" Seventh ...\nnual Report of 
the .J.:\.rcLæologicallVlllseum," Prof. 'V YInan describes a microccl)halic 
skull from the ancient ltuúcals of Peru. Its capacity is only thirty- 
three cubic inches; "the frontal bone is nlllCh s]ant
d backward, has 
a decided ridge. corresponding to the frontal suture, and is slightly 
conca ye on each side of it." 
'V yman states that the bones of the head are well formed, though, 
from the diminutive size of the brain, idiocy must have existed. 
Associated with the remarkable collection of l)latycncmic tibiro 
and perforated lnulleri discovered by 1\11'. flenry Gillman, we should 
have expected SODle anomalous forms ot' crania, and in this expecta. 
tion we are not disappointed. 
I
l company with two skulls which appear to be normal, 1\lr. Gin. 
man discovered one of most remarkable IJroportions. \Y yman con. 
siders it a case of extreme individual variation, and not the result of 
artificial deformity. The skull in question has only a capacity of 
fifty-six cubic inches. The average cal)acity of Indian crania, accord. 
ing to J\Iorton's measurements, being eighty-four cuhic inches, and 
the minimum capacity being sixty-nine cuùic inches, the skull of Gill. 
man is therefore thirteen cubic inches less than the smallest Indian 
skull hcretofore described. But more extraordinary still is the ap. 
l]roximation of the temporal ridges. \Yhile in ordinary crania the 
separation of these ridges is u
ually from three to four inches, and 
never less .than two inches, in this unique skull from the Detroit River 
nlonnd the ridges in question approach within three-quarters of an 
inch, in this respect, as \Y yman says, presenting the same condition 
as that of the chimpanzee. A rounded median crest can be distinctly 
seen and felt between these ridges, and the skull is markedly depressed 
on each side for the l)assage of the powerful mastoid nluscles. 
Is this, too, a case of partial reyersion? Such extraordinary forms 
as the :IS eandertbal and Engis skulls, and tl1C one above cited, with 
the La N aulette and other lower jaws, could not ha\ye been un- 
common in those early days, since the chances against finding thenl 
1 '" Sevcntb Anllual Report of tbe Peabody Archæological MU03euIll." 
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would be simply enormous, unless, int1eed, they were of common oc- 
currence. Looking at these rcmains as at the remains of other mam- 
mal
, we must admit either that these low characters represent reten- 
tion of ancestral peculiarities, or that they are cases of reversion. 
In considering the Neanderthal skull, with its retreating frontal, 
its enormous frontal crest, anù other anthropoid characters, Huxley 
is led to say that at most there is "demonstrated the existence of a 
man whose skull may Le said to revert somewhat toward 1110 l>ithe- 
coid type." 
To a mind unbiased by preconceived opinions, and frankly will- 
ing to interpret the facts as they stand revealed by the study of these 
ancient remains the world over, the evidence of man's lowly origin 
sepms, indeed, overwhelming. 
Looking at the whole question impartially, we find tbat among 
recent men there are high types as well as low typf'S, with a variation 
';0 great as to have induced Agassiz, 1\Iorton, and others, to consider 
them specific. And while, as 'Y ynlan asscrts, no one race possesscs 
all the low characters, yet with the relatively long arms, the tendency 
of the pelvis to depart from the normal proportion, and numerous 
other facts of like significance, there are yet r('tained among some of 
them more resemblances to the higher apes than can be found among 
others. 
Prof. Cope, not content with tracing man back to some ape-like 
progenitor, has, in a suggestive way, considered man's relations to 
the Tertiary mammalia. In a communication to the Association at 
Detroit, on this subject, he prefaced bis paper by saying that in the 
doctrine of evolution two propositions must be estahlished: 1. That 
a relation of ordedy succession of structure exists, which corresponds 
with a succession in time; 2. That the terms (species, genera, etc.) 
of this succession actually display transitions or connections by in- 
termediate forms, whetber observed to arise in descent, or to be of 
such varietal character 
s to admit of no other explanation of their 
origin." lIe shows that the primary forms of mammalia are 
trongly 
indicated in the structure of the feet, and also in the character of the 
teeth. In recent land-mammals there are several types of foot to be 
recognized, the many-toed plantigrade, the carniyorous, the ox, and 
the horse t.ypes. Among the earlier types of the Eocene, he finds the 
most generalized type in the Coryphodon of Owen (Bathmodon of 
Cope). This creature was plantigrade, with a short calcaneum, and 
an imperfect hinge for the foot. :From this generalized form he traces 
a line of succession of intermediate forms to the horse on the one 
hand, and the ox on the other. 
The Ooryphoc1on was one of the earliest known mammals, while 
the horse and the ox preceded man by a single geological period. 
Without entering into a technical description of the 8ucces
ive forms 
presented by Prof. Cope, we may quote his words wherein he sl1o" 8 
VOL. x.-13 
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that" the mammals of the Lower Eocene exhibit a greater percentage 
of types that walk on the Roles of their feet, while the successive pe- 
riods exhibit an increasing number of those that walk on the toes; 
wbile the hoofed animals and Carnivora of recent times nearly all 
have the heel high in the air, the principal exceptions being tbe ele- 
phant and bear families." After presenting the gradual osteological 
-changes of the foot, from the earlier types to the later ones, through 
several lines of descent, considering also the teeth as well, he says: 
"The relatiun of man to this history is highly interesting. ThufoI, in 
all generalized points, his limbs are those of the primitive type, 80 
common in the Eocene. lIe is plantigrade, has five toes, separated 
tarsals and carpals, short heel, rather flat astragalus, and neither hoofs 
nor claws, but something between the two; the bones of tbe forearm 
and leg are not so unequal as in tbe higher types, and remain entirely 
distinct from each other, and the ankle-joint is not so perfect as in 
many of them. In his teeth his character is thoroughly primitive. . . . 
"His structural superiority consists solely in the complexity and 
size of his brain. A very important lesson is derived from these and 
kindred facts. The monkeys w-ere anticipated in the greater fields of 
the world's activity by more powerful rivals. The ancestors of the 
ungulates held the fields and the swamps, and the Carnivora, driven 
by hunger, learned the arts and cruelties of the chase. The weaker 
ancestors of the Quadl'umana possessed neither speed nor weapons of 
offense and defense, and nothing but an arboreal life was left them, 
where they developed the prehensile powers of the feet. Their di- 
gestive systmll unspecialized, their food various, their life the price of 
ceaseless vigilance, no wonder that their inquisitiveness and wakeful- 
ness were stimulated and developed, which is the condition of progres- 
sive intelligence "-adding that" the race bas not been to the swift, 
nor the battle to the strong." Prof. Cope shows in this case that 
"the survival of the fittest has been the surv}val of the most intelli- 
gent, and natural ielection proves to be, in its highest animal phase, 
intelligent selection." 
Prof. Fiske has in a clearer way shown that when variations in 
intelligence became more important than variations in physical 
structure, then they were seized upon, to the relative exelusion of the 
latter. 
It is intelligent strength, other things being equal, that conquers 
the savage, and the gradual selection of the best and biggest brains 
is not seen alone in man. . 
In one of the most significant discoveries of Prof. 1\1arsh, the mam- 
ma1ia are found to show an increase in the size of t
e brain coincident 
with their succession in the rocks. 
One of the most extraordinary mammals from the Tertiary beds 
of the 'Vest is tl}e Dinoceras, with its rhinoceros and elephant char- 
acters, its skuH ornamented with prominent tubercles, its unique den- 
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tition, embracing large cutting tusks, and altogether forming a beast 
like the fabled monsters of old. 
A study of its cranial cavity, made Ly Prof. l\larsh, shows that its 
brain was proportionally smaller than that of any known mammal. 
Indeed, it was almost reptilian, and of snch diminutive size that it 
could have been drawn through the neural canal of all the presacral 
vertebræ. Prof. 
larsh has followed up this discovery with the most 
important results, anù is now prepared to state the following con- 
elusions: 
1. rrhat all the Tertiary mammals had small brains. 
2. There is an increase in the size of the brain during this period. 
3. This increase was mainly confined to the cereùral hemislJheres 
or higher portion of the brain. 
4. In some groups the convolutions of the brain have gradually 
become more complicated. 
5. In some the cerebellum and olfactory lobes have even dimin- 
ished in size. 
lIe also finds some cyidence that the same general law holds good 
for birds and reptiles from the Cretaceous to tbe present time.! 
Thus we have in other groups as well as man convincing proof 
that, with successive survival of forms, there is a corresponding sur- 
vival of larger brains. 
Prof. Shaler 2 has offered some suggestive thoughts in showing 
the intense selective action which must have taken place in tbe sl13l)e 
and charact
r of the pel vis in man, on his assumption of the erect 
position-the caudal vert
bræ turning inward; the lower portion of 
the pelvis drawing together to hold the viscera, which had before 
rested on the dastic abdominal walls; the attending difficulties of 
parturition, and other troubles in those parts-all pointing to the 
change which has taken place. 
In this connection Prof. Shaler remarks that thQ question of labor 
in womall must not be overlooked from this standpoint. 
In a memoir on the shell-heaps of Florida, by Prof. Wyman, 
wherein he describes a number of low characters in man already 
alluded to, he gives the following conclusions: "The steady progress 
of discovery justifies the inference that man in the earlier periods of 
his existence, of which we have any knowledge, was at most a savage, 
enjoying the advantage of a few rude inventions. .According to tIle 
theory of evolution, which has the merit of being basccl npon, ana not 
inconsistent with, the observed an
logies and processes of Nature, he 
must have gone through a period, when he was passing 
ut of t.he 
animal into tbe human state, when he was not yet provIùed wIth 
tools of any sort, and when he lived the life of a brute." I 
1 .American Journal of Sciente, vo1. xii., .Tuly, 18'76. 
!I "Proceedings of tbe nostoD Society of Xatural llistory," vol. xv., p. 188. 
a " Memoirs of the Peabody Academy of Scicnces/' vol. i., part iT. 
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These words have no obscure significance, and when we regard 
the character of the one who wrote them, his cautious methods of 
research, and the long deliberation he was wont to give to all such 
questions, then they become doubly important. 
Recognizing clearly the existence of these lower and earlier stages 
in man, it has bcen one of the most difficult problems to solve the 
first steps toward his society and family relations. Prof. Jobn Fiske, 
in his" Outlines of Cosmic Philosophy," bas given for the first time a 
rational explanation of the origin and persistence of family relations, 
and thence communal relations, and, finally, socicty. 
Never before has there been presented 80 clear an idea of man's 
physical changes, and the effects of natural selection in seizing upon 
.attendant or correlated nervous changes, as in tbe work of this 
author. 
Prof. Fiske says: "Civi1ization originated when in the highest 
mammals variations in intelligence became so much more important 
than variations in physical structure that tbey began to be seized 
upon by natural selection, to the relative exclusion of the latter." 1 
Starting from the researches of Sir IIenry )Iaine, Lubbock, and 
others, he :finds social evolution must }mve originated after families 
temporarily organized among the higher nUtmmals bad become per- 
mancntly organized. But how this step was effected has been an 
insoluble problem. Bagehot, 'in his remarkable work on "Physics and 
Politics," says: "It is almost beyond imagination how man, as we 
know man, could by any sort of process have gained tbis step in 
civilization." Darwin supposes that men were original1y weak and 
inoffensive creatllres, like the chimpanzee, and were compelled to banù 
togetber to make up in combined strcngth what they lacked as in- 
dividuals. 
That man, for his age, is a weak animal physical1y, therc can be 
110 doubt. Fiske ehows that "increase of intelligence ill complexity 
and ßpccialty involves a lengthening of the period during which the 
nervous connections involved in ordinary adjustments are becoming or- 
ganized." From these conditions arose tbe phenomena of infancy, and 
lie shows that with increase of intelligence infancy becomes longer. 
In the human race it is longer than ill any other mammal, and nluch 
longer in civilized man than in the savage. 
In the orang-outang the infant does not begin to walk till it is a 
month olll, and in performing this act it holds to various objects for 
support, as in the human infant. Previous to that time it reposes 
on its back, and becomes absorbcd in gazing at its hands and feet. 
N ow, still lowcr down among the monkeys, at the age of one month 
the young are fully matured so far as walking and prehension 
are concerned. It is shown, furthermore, that where infancy is very 
short, parental feeling may be intense for a while, but Roon dies out, 
1 U Cosmic Philosophy," vol. ii., p. 340. 
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and the offspring of one becomes of no greater interest than those 
of a stranger, "and ill general the duration of the feelings which in- 
sure the protection of the offsl)ring is determined by the duration of 
the infancy. . . . 
" Hence if long infancies could have suddenly come into existence 
among a primiti ve race of ape-like men, the race would have quickly 
perished from inadequate persistence of par(>ntal affection." Prof. 
Fiske, in a most reasonaùle way, shows that" the prolonged helpless- 
ness of the offspring must keep the p
rents together for longer and 
longer periods in sùccessive epochs; and when at last the a!"f'ociation 
is so long kept up that the older children are growing mature while 
the younger ones still need protection, the family relations begin to 
become permanent. The parents have lived so long in company that 
to seek llew companion:;hips involves some disturbance of ingrained 
habits, and meanwhile the older sons are more likely to continue their 
original association with each other than to establish associations 
with strangers, since they have common objects to achieve, and com- 
mon enmities bequeathed, inherited or acquired with neighboring 
families. " 
In his chapter on the moral genesis of man Fiske maintains that 
"the prolongation of human infancy accompanying the development 
of intelligence, ancl the correlatÍ\Te extension of parental feeling, are 
facts established by observation wherever observation is possiLle; 
and to maintain that the correlation of these phenomena was kept up 
during an epoch which is hidden from observation, and can only be 
known by inference, is to make a genuine induction, involving no 
other assumption than that the operations of K ature are uniform. To 
him who is still capable of believing that the human race was created 
by miracle in a single day, with all its attributes, physical and psy- 
chical, compounded and proportioned, just as they now are, the pres- 
ent inquiry is of course de"oid of significance. But for the evolu- 
tionist there would seem to be no alternative but to accept, when 
once propounded, the present series of inferences." 
RecallinO' now the various evidences educed by 'Yyman, Giman, 
o . 
and others reO'ardinO' the anomalous characters of the remams of 
, 0 0 
primitive man, it seems impossible that a mind unbiased by precon- 
ceived opinion should be able to resist the conviction as to man's 
lowly origin. 
If we take into account the rapidly-accumulating data of European 
naturalists concerninO' primitive man, with the mass of evidence re- 
ceived in these note;, we find an array of facts which irresistibly 
point to a common origin with animals directly below us, and the
e 
evidences are found in the massive skulls with coarse ridges for mus- 
cular attachmentfol, the rounding of the base of the nostrils, tile early 
ossification of the nasal bones, the small cranial capacity in certain 
forms, the prominence of the frontal crest, the posterior position of 
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the foramen ma[Jn1J.n
, the approximation of the temporal ridges, the 
lateral flattening of the tibia, the perforation of the humerus, the ten- 
dency of the pelvis to depart from its usual proportions, and, associ- 
ated with all these, a rudeness of culture and the evidence of the 
manife
tation of the coarsest instincts. lIe must be b1ind indeed 
who cannot recognize the bearing of such grave and suggestive moùi- 
fications. But what application are we to make of such revelations 
if we vividly receive them as such? Weare no longer to rest with 
the blind fatalism of the Turks, or listless resignation of the masses, 
but are to make a living use of them. vVe are to trace evil and cor- 
rnpt passions to their source. The dreadful outrages which shock 
us from time to time in the public l)rints are not instigated by an 
evil spirit, but are outbursts of the same savage nature which found 
more frequent expression years ago, and which are still present with 
the lower races of to-day. 'Vhen the study of heredity reveals the 
. I 
fact that even the nature of vagabondage IS perpetuated; when the 
surprising revelations of l\largaret, mother of criminals, from whose 
loins nearly a thousand crjrninals have thus far been traced, are con- 
sidered, common-sense will ultimately recognize that the imprison- 
ment of a criminal for ten or twenty years is not simply to punish 
him or relieve the public of his lawless acts, but to restrain him from 
perpetuating his kind. No sudden revulsion of feelings and amended 
ways is to pnrify the criminal taint, but he is to be quarantined in 
just the SaIne way that a case of the plague might be, that his kind 
IDay not increase. 'Vith these plain facts thoroughly understood, 
men high in authority must find some other excuse for the exercise 
of their pardoning power, and other reasons be given for allowing 80 
large a prol)ortioll of crÍ1ninals to go free. With the monstrous blot 
of l\lormonism and free-love in our country, the statute-books are 
to be again revised from the standpoint of science, with its rigid moral 
and physical laws, and not from the basis of established usage or 
long-continued recognition. 


... 


TIlE LA'VS OF HE...\.LTH. 


By THO
IAS BOND, F. R. C. s. 
O N an average, one-half of the number of out-patients treated by a 
hospital-surgeon Buffer from diseases due primarily to a want of 
knowledge of the laws of health and cleanlines
. 1. The ignorance of 
hygienic laws, which affects so disastrously the health of the rich as 
well as the poor, exists chiefly in regard to dress, ahlution, and venti- 
lation. This statement may, at first, appear startling, but an enu- 
meration of the diseases that can be constantly traced to the above 
causes will show upon how sound a basis the statement rests. The 
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following are examples : Varicose ulcers from dress; skin-diseases 
from want of cleanliness; chest-diseases and fevers from defective 
ventilation. The vast number of ulcerated legs treated in the out- 
patient department of hosl)itals, in workhouse infirmaries, and in 
private practice, arise from varicose veins. N ow, a varicose ulcer it) 
caused by a distended condition of the veins of the leg, which have 
to sustain the pressure of the blood caused by gravitation. In vari- 
cose veins, the valves which help to support the column of blood are 
to a great extent destroyed, through the veins having been ùistended 
by mechanical obstruction to the free return of the blood from the 
extremities, thereby distending the lower veins and separating the 
edges of the valves. Thus, the weight of an uninterrupted column 
has to be borne by the veins. This, of course, causes further <.1isten- 
tion, giving rise to congestion of the capillaries of the skin, and caus- 
ing swelling, eczema, and ultimately ulceration. This is the varicose 
ulcer so common in the laboring-classes. It is always difficult to heal, 
and often impossible, except by prolonged rest in bed. lIence it is 
the dread of the surgeon, and the cause of misery to thousands. ,r ari- 
cose ulcers are seldom admitted into general hospitals, so that hUll- 
dreds of poor families are driv
ll to the workhouse, and such cases form 
a majority in the workhouse infirmary. The most frequent and fla- 
grant cause of obstruction is the 9rdinary clastic garter. Children 
should never wear them at all, as the stockings can be perfectly well 
kept up by attachment of elastic straps to the waist band. If garters 
are worn, it is important to know how to apply them with the least 
risk of harm; at the bend of the knee the superficial veins of the leg 
unite, and go deeply into the under part of the thigh beneath the 
ham-string tendons. Thus a ligature below the knee obstructs all 
the superficial veins, but if the constriction is above, the ham-string 
tendons keep the pressure off the veins which return the blood from 
the legs; unfortunately, most people, in ignorance of the above facts, 
apply the garter below the knee. Again, in nine out of ten laboring- 
men, we find a piece of cord or a buckled strap tightly applied below 
the knee for what reason I could never learn. Elastic bauds a.re the 
, 
most injuriou8. They fonow the movements of tbe muscles, and never 
}'elax their pressure on the veins. Non-elastic bands during muscular 
exertion become considerably relaxed at intervals, and allow a freer 
circulation of the blood. 
2. The habit of tight lacing again predisposes to varicose yeins, 
in cOllRequence of the abdominal viscera being pushed ùownwarù into 
the pelvis, causing undue pressure on the veins of the lower extremi- 
ties when they enter the pelvis. Physicians also have reported nu- 
merous cases of heart and lung disease caused by this pernicious habit. 
3. The use of dress is often misunderstood. 
Iost persons eyiJently 
study and practise it with regard to appearance, or only to keep out 
wet and cold. The hygienic use of clothes, however, is not so much 
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to keep cold out as to keep heat in. The mistake is often made, of 
taking great care to put on extra wraps and coats when preparing for 
out-door exercise. This is not at all necessary in robust persons. 
Sufficient heat to prevent all risk of chill is generated in the body by 
exercise. The care should be taken to retain sufficient clothing after 
exercise, and when at rest, to prevent the heat passing out of the body. 
Indeed, persons very often catch chills from throwing off extra cloth- 
ing after exercise, or from sitting about in garments, the material of 
which is not adapted to prevent the radiation of heat from the body. 
Linen anù cotton under-clothing, when moistened by perspiration, parts 
with heat very rapidly, whereas flannel and silk, being non-conductors, 
prevent the rapid loss of heat. 
4. The most recent offense against the laws of health is the habit 
of wearing false hair. The perspiration of the scalp is prevented, by 
the thick covering, from evaporating, thereby causing a sodden and 
weakened condition of the skin, which predisposes to baldness and 
other diseases of the scalp. Again, it produces headache and confu- 
sion of the intellectual faculties. We all know what a relief it is, dur- 
ing hard mental work, simply to raise one's hair by running the fin- 
gers through it. I should think literary ladies either do n:Jt wear false 
hair, or take it off when at work. 
5. Ablution is another subject of paramount importance to health. 

Ir. Urquhart, the introducer of the Turkish bath into this country, is 
one of the benefactors of the age, and it is to be hoped some day there 
will be a bath in every town and village in England. Doctors are 
very much to be blamed for allowing themselves to be prejudiced 
against it. The usual opinion given by medical men to their patients 
is, that it is debilitating, and only to be borne by the robust. The 
reverse is really the case: it is stimulating and strengthening, it is a 
preventive as well as curative in disease. The effect of the Turkish 
bath on the skin is to cause an active condition of its functions of 
elimination, by removing the hardened epithelial scales, by removing 
the fat from the pores, and by causing the sweat-glands to maintain 
the activity of their functions, giving a general stimulus to the vital 
power of the skin. Again, it keeps the body in a state of perfect 
cleanliness, which is so essential to robust health; but these are not 
its only virtues-it promotes purity of mind and morals. The man 
who is accustomed to be physically clean shrinks instinctively from 
all contact with uncleanliness. 
6. There are, however, certain precautions to be observed in the 
use of the baths. Persons who are apoplectic, or suffering from fatty 
degeneration of heart, should not venture to disturb the circulation by 
the excitement of baths. The first effect of Turkish baths is to stimu- 
late the circulation, the second to cause active congestion of the skin, 
the third to produce profuse perspiration, the fourth to keep down 
tbe temperature of the body by rapid evaporation. On leaving the 
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!ur
ish bath the bod! should 
e douched with cold water; the cap- 
IllarIes are thus enlptlCd of theIr blood by contraction, hut immedi- 
ately after the stimulation causeR them to resume a state of activity 
and produces vigorous circulation through the skin. ' 
7. In taking a cold bath in the morning the same conditions should 
be present. "fhe surface of the bodyahould be warm and moist; 
. therefore, the bath should be taken immediately on rising from the 
bed, and before the surface of the body has had time to cool or the 
capillaries to contract. The shock of the cold water should cause 
them suddenly to contract; then quick reaction will take place in the 
same way as after a Turkish bath. Unless this reaction occurs after 
the bath, there is great danger of getting a chill; at any rate, the full 
benefit of the bath is not obtained. Persons with weak circulation 
, 
who cannot take an ordinary morning bath, often derive great benefit 
from the Turkish bath. It opens the pores and improves the circu- 
lation of the skin, so that the shock of cold water can afterward be 
borne. The same persons can generally bear a cold bath if they get 
for a few minutes into a warm bath first, and then immediately plunge 
into cold water. By these means an active reaction is brought about. 
Warm baths should, in my opinion, never be taken on rising except 
nnder the above conditions, but warm baths at night are often desir- 
able. .They should be taken just before going to bed, when they bave 
the effect of relaxing the muscular system and of promoting sleep by 
soothing the activity of the brain by the withdrawal of blood from it. 
I do not think wal.m baths at night are weakening, as the depression 
of vital energy which may occur is recovered during sleep. In rh'cr 
and sea bathing, persons should be careful not to remain in the water 
too long, nor should they exert themseh'es sufficiently to cause ex- 
haustion, as the power of reaction is much impaired thereby; neither 
should persons get into cold water when cooling. The old-fashioned 
idea that persons should wait to cool before plunging into the water 
is a fallacy. There is no danger in plunging into the coldest water in a 
state of profuse perspiration, if the heart and arteries are in a healthy 
state. Of course, it woulcl be unwise to do so immediately after a full 
meal, as the action of the heart might be impeded by tbe distended 
stomach. 
S. Many persons complain of always getting up tircd in tbe morn- 
ing. This is very often due to defective ventilation of tIle beòroom, 
or from using an undue amount of bedclothes and bedding. :Feather 
beds are too soft and yielding, and partially envelop the 8Ieep('r, t1H1
 
producing profuse perspirations. The habit of lying too 
uch 
nder 
blankets is also very pernicious, by I.cason of the carùonIc aCId ex- 
haled by the sleeper being respired. Again, it is a common error to 
suppose that, by simply opening a window a little at th
 top, a roOlp 
can be ventilated. People forget that for proper ventlIatl
n tll('re 
must be an inlet an(l outlet for the air. In hedrooms there IS often 
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neither, and if there is a fireplace it is generally closed up. Again, 
it is a mistake to suppose that foul air goes to the top of a room. 
Certainly the heated air goes to the top, but the chief impurity, the 
carbonic acid, falls to the bottom. There is nothing so efficacious in 
removing the lower strata of air as the ordinary open fireplace, es- 
pecially if there is a fire burning. The usual defect in ventilation is 
the want of a proper inlet for the air. If the window be open, the cold 
air, being heavier, ponrs down into the room, causing draughts; if the 
door be open or ajar, tbe same thing occurs. The perfection of ventila- 
tion may be obtained in any room with a fireplace by simply providing 
proper inlets for the air, and notlllng answers so well for the purpose as 
the upright tubes invented by J.\Ir. Tobin. By this means the heavier 
external atmosphere ascends vertically through the tubes like the jet of a 
fountain, displacing the warmer and lighter atmosphere of the room, 
which finds its exit up the chimney. The tubes should communicate 
with the outer air on a level with the floor, and should be carried ver- 
tically upward in the room for about four or five feet. A constant 
supply of fresh air is thus insured without the s1ightest liability to 
draught, as the current goes directly upward until it 8trikes the 
ceiling. It is then diffused downward, mixed with the heated air of 
the ceiling. The same principle can be carried out in any room with 
a sash-window, by cutting out two or three holes an inch w\de and 
three inches long in the wood-work of the upper sash where it joins 
the lo\ver one. The columns of air ascend directly upward, just inside 
the window, and mix with the heated air in the upper part of the 
room. If this system were universally carried out, we should hear 
less of rheumatism and chills caught by sitting in draughts. 
9. Persons should cultivate the faculty of detecting sewer-gas in 
houses. Typhoid fever is often caused by the escape of this gas into 
the house through defect of the traps and drains. I-Iowever bad the 
drains may be outside of the house, there is little to fear, provided tbe 
gas can escape externally. The following two very simple precau- 
tions would naturally diminish the cases of typhoid fever: First, every 
main drain should have a ventilating-pipe carried from it, directly 
outside of the house, to the top of the highest chimney; secondly, the 
soil-pipe inside the house should be carried up through the roof, and 
be open at the top.-English Mechanic. 
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A CORRESPOYDENT hands us the following anecdotes illustra- 
tive of the remarkable reasoning powers of dogs: 
The fil'st case is one which occurred at a fasbionable watering-place 
on t'he east coast of Ireland, some twenty years ago, and exhibits the 
remarkable sagacity displayed by a dog in carrying out the dictates 
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of the animal passion for reve
ge. The jetty which stretC'}wtl along 
the small harbor was at that tIme used as a promenade hy the élite 
anlOng the sojourners on the coast, where, after the heat of the 10nO' 
summer days, they regaled themselves with the fresh eveninO' hreeZt
 
wafted in from the sea. Among the frequenter!; of this f3
hionalJle 
resort was a gentleman of some position, who was the owner of a fine 
Newfoundland dog, which inherited the time-honored POss('bsions of 
that noble breed-very great power and facility in swimming; and, 
at the period of the evening when the jetty was most crowded with 
promenaders, his master delighted to put this animal through a series 
of aquatic performances for the entertainment of the assemLled spec- 
tators. Amusement being at a premium on the coast, the8e nightly 
performances grew into something like an "institution," aml the br:nre 
"Captain "-for such waR his name':"':"'speedily became a universal fa- 
vorite on the jetty. It happened, howevel', that among the new ar- 
l'ivals on the coast there came a certain major in ller majesty's army, 
accompanied by two bull-dogs of unusual size and strength, ana of 
great value; but, value in a bull-dog being inversely proportionate to 
its beauty, the appearance of the major and his dogs excited no very 
enthusiastic pleasure among tIle æsthetic strollers on the jetty. On 
the first night on which the major presented himself, nothing unnsmll 
occurred; and Captain divecl and swam as before. J3ut on the second 
evening the brave old favorite was walking quietly behind his master 
down the jetty, when, as they were passiñg by the major and bis dogs, 
one of these ugly brutes flew at Captain, and caught him by the neck 
in such a way as to l'ender his great size utterly useless for his ae- 
fense. A violent struggle ensued, but the bull-dog came off tbe ,.ictor, 
for he stuck to his foe like a leecll, -and could only be forced to release 
his hold by the insertion of a bar of iron between his teeth. The in- 
dignation of the by-standel's against the major was, of course, ycry 
great; and its fervor was not a little increased when they 8aW the 
poor Captain wending his way homeward, l)leeding, and bearing all 
the marks of defeat. Some two or three evenings after t1ds occur- 
rence, when Captain again made his appearance on the jetty, be looked 
quite crestfàllen, bore his tail between his legs, and stuck closely to 
the heels of his master. That evening pRssed away quietJy, :md the 
next and the next and 80 on for about a week-C3ptuin still bl'aring 
" . I d 
tlui aspect of mourning. But one evening about el.g it 
r t
n ays 
after the above encounter as the major was marchmg In Jus usual 
pompous manner along the' jetty, accompanied by his dog
, something 
attracted his attention in the water, and, walking to the ,.ery edge of 
the jetty, he stood for a moment looking down i
ltO tIlC. sea. Scarcely 
had tbe two bull-doa's taken up their stand beside theIr master when 
Captain, seizing th: opportunity for whic.h he. ha{l so long .looked, 
rushed at his former conqueror, and, catcInng 111m by the back of the 
neck, jumped off the jetty, with his foe in his mouth, down some twen- 
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ty feet or more into the sea. Once in the water, the power of his 
enemy was crippled, while Captain was altogether in his own element; 
and, easily overcoming all efforts at resistance, he succeeded in reso- 
lutely keeping the bull-dog's head under water. The excitement on 
the shore was, of course, intense. The major shouted, and called out: 
"1\ly dog I my beautiful dog! "\Vill no one save him?" But no 
one seemed at all inclined to interfere, or to loisk his life for the ugly 
dog. At length the major called out: "I'll give fifty pounds to any 
one who will save my dog; n and soon afterward a boat which lay at 
some little distance pulled up to the rescue. Even then, however, it 
was only by striking Captain on tl)e head with tbe oars that he could 
be forced to release his victim, which was taken into tbe boat quite 
senseless from exhaustion and suffocation, and was with difficulty 
brougbt to itself again. Captain, on the other hand, swam in tri- 
umph to the shore, amid the plauùits of the spectators, who shared, in 
sympathy at least, his well-earned honors of revenge. 
l\Iore remarkable than the sagacity in carrying out the desire for 
revenge, displayed by the Newfoundland dog in the above case, is 
that which the following narrative illustrates: A gentleman of wealth 
3nd position in London had, s
me years ago, a country-honse and farm 
about sixty miles from tbe metropolis. At this country residence he 
kept a number of dogs, and among them a very large mastiff and 
 
Scotch terrier; and, at the close of one of his summer residences in 
the country, he resolved to bring this terrier witb him to London for 
the winter season. There being no loailway to that particular part of 
the country, the dog traveled with the seryants in a post-carriage, and 
on his arrival at the town-bouse was brougl1t out to the stable, where 
a large Newfoundland dog was kept as a watch-dog. This latter in- 
dividuallookecl with anything but pleasure on the arrival of the little 
intruder from the country; and consequently the Scotch terrier haa 
not been very long in his new home when this canine master of the 
stable attacked him, and, in the language of human beings, gave him 
a sound thrashing. The little animnl could, of course, never hope by 
himself to chastise his host for this inhospitable welcome, but he de- 
termine(l that by some agency c1!astisement sbould come. Accord.. 
ingly, he lay very quiet that night in a remote corner of the stal)le, 
but when morning had fully shone forth he was nowhere to be found. 
Search was made for him, as the phrase says, high and low, but with- 
out success; and the conclusion reluctantly arrived at was, that he had 
been stolen. On the third morning after his disappearance, however, 
he again showed himself in London, but this time not alone; for, to 
tbe amazement of everyone, he entered the stable attended by the big 
mastiff from I(ent. This great brute had no sooner arrived than he 
flew at the Newfoundland dog, who had so badly treated his little ter- 
rier friend, au(l a severe contest ensued, which the little terrier him- 
self, seated at a short distance, viewed with the utmost dignity and 
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satisfaction. The result of the battle was, that the mastiff came off 
the conqueror, and gave his opponent a tremendous beating. 'Yhen 
he had quite satisfied himself as to the result, this great aycnger from 
I\:ent scarcely waited to receive the l"ecognition of his master, \" ho had 
been sent for immediately on the dog's arrival, but at once marched 
out of the stable, to the door of which the little terricr accompanied 
him, and was scell no more. Some few days afterward, howevcr, the 
gentleman received a letter from his steward in the country, inform- 
ing him of the sudden appearance of the terricr there, and his as sud- 
dell disappearance along with the large mastiff; and stating that the 
latter had remained away three or four days, during which thcy had 
searched in vain for him, but had just then returned home again. It 
then, of course, became quite clear that the Jittle dog, finding him- 
self unable to punish the town buHy, had thougbt of his" big broth- 
er" in the country, had traveled over the sixty miles which serarated 
them, in order to gain his assistance, and had recounted to him his 
grievance; it was plain also that the mastiff had consented to come 
and ayenge his old fricnd, had traveled with him to London, and, bav- 
ing fulfiHed his promise, bad returned home, lcaving the little fellow 
frce from annoyance in the future. 
The foHowing well-known story is a strong example of the great 
intelligence which may be developed in a dog by careful training: 
A fashionably-dressed EngliRh gentleman was one day crossing one 
of the bridges over the Seinc at Paris, when he felt something knock 
against his legs, and, looking down, he found that a small poodle-dog 
had rubbed against him, and covered his boots with mud. lIe was, 
of coursc, much annoyed, and execrated the little brutp pretty freely; 
but when he got to the other side of the bridge, he llad the boots 
cleaned at a stand for the purpose, and thOlîght no more about the 
matter. Some days after this occurrence, however, he had occasion 
again to cross that bridgc, and the same little incidcnt occurred. 
Thinking this somewhat odd, he resolyed to watch where the little 
doO' went to. and leaninO' aaainst the side of the bridge , he followcd 
ö "oö . '-' 
with his eye the movements of his dirty little friend. lIe saw him 
rub against the feet of one gentleman after another, till he J)ad ex- 
hausted all the mud off his once white skin, then rush off down the 
bank of the river and there roll himself in the mud collected at the 
, 
side. Having thus got a new supply of dirt, the little animal ran up 
to the bridae aO'ain and P roceeded to transfer it to the boots of the 
ö ö , 
passers-by, as before. Having watched his mo\"ements for some time, 
the gentleman noticed that on one occasion, instead of runnin
 down 
to the river, he went off to the 'proprictor of the f:tand for cleaning 
boots at the other end of the bridae who l"eceiv-ed him yer y cOrf1inlly. 
, M , 
The truth then for the first time dawned on him, that the little animal 
belonged to the man who cleaned the boots, and was trained by him 
to perform these mischievous deeds, for the pm"pose of bringing in 
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custom:- Being very fond of dogs, the Englishman resolved to pur- 
chase this clever little fellow, and bring him back to England with 
him. 'Vhen, however,. he went to the dog's master, that person at 
fit'st denied any connection with him, and only admitted the owner- 
ship when he was perfectly satisfied that his interrogator had no con- , 
nection with the police. For some time also he refused to part with 
the little poodle, saying that no money could pay him for the loss of 
his dog, who really made his Hying for him. Tempted, however, by a 
very high price, he at last consented to sell the dog; and the gentle- 
man, a few days afterward, brought him over to England, traveling 
via Boulogne to Folkstone. lIis residence in England was some thirty 
or forty miles from Folkstone, anel to this place he brought his little 
purchase. He had not been many days in his new home, howeyer, 
whcn the little French poodle suddenly disappeared. Search was made 
for him everywhere, but to no effect. His new master offered a re- 
ward for him, but with the same result; and be had at last made up 
his mind that the little fellow had been either poisoned or stolen, when 
one morning, a bout six weeks after his mysterious disappearance, the 
gentleman received a letter from a friend in Paris telling him that his 
dog was back again there, and at his olJ trade of soiling boots in the 
interest of bis former master. The little fellow, not liking the dullness 
of a country life, had resolved to return to his former home, and had 
made his way to Folkstone; there, as the gentleman afterward ascer- 
tained, he had got on board a steamer going to Boulogne, and from 
Boulogne had found his way back to Paris. 
Of the foregoing three stories, the first two are probably even more 
remarkable than the last. The last (except as to the dog's finding its 
way back to Paris) illustrates only the possibility of developing in a 
dog, by the training of its natural intelligence, an almost human in- 
genuity. But it is by instil1ing into the dog the intelligence of a 
higher being that this skill is engendered. The spring of the intelli- 
gence is in the trainer, and it is to attain an object which the higher 
being, and not the lower, has in yiew. But in the first two cases the 
whole process is the dog's; tbe object to be secured, namely, revenge, 
is what the dog himself seeks, and the means by which that object is 
to be attained are devised and carried out by the instinct of the dog. 
That a clog should harbor revenge is, of course, not a very wonderful 
fact; but there is a calm reflection and a cool calculation displayed in 
the first two cases above given, which make them somewhat peculiar. 
If wl)at we call instinct in these animals embraces powers so very like 
reason; if they are swayed by the same passions and affections which 
move us, and they are able to communicate to their feHows the feel- 
ings which stir them, and the external circumstances which bring those 
feelings into play, the border-line between man's mental territory and 
theirs becomes a little bit indefinite.- Ohambers's Journal. 
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THE NEGA TIVE AKD FA YORABLE EVIDEKCE. 
I N my lecture on l\Ionday night I pointed out that there are three 
hypotheses which may be entertained, and which h::rve becn enter- 
tained, respecting the past history of life upon tbe globe. According 
to the first of these hypotheses, life, such as we now know it, h3S 
existed from all eternity upon this earth. We tested that llypothesls 
by the circumstantial evidence, as I ca]]ed it, which is furnished hy 
the fossil remains contained in the earth's crust, and we found that it 
was obviously untenable. I then proceeded to consider the second 
hypothesis, which I termed the 
liltonic hypothesis, not because it is 
of any particular consequence to me whether John :l\Iilton seriously 
entertained it or not, but because it is stated in a clear and unmistak- 
able manner in his great poem. I pointed out to you that the evi- 
ùence at our command as completely and fully negatives that hypoth- 
esis as it did the preceding one. And I confess that I had too much 
respect for your intelligence to think it necessary to add that that 
negation was equally strong and equally valid whatever the source 
from which that bypothesis might be derived, or whatever the autbor- 
ity by which it might be supported. 
I further stated that, according to the hypothesis of evolution, the 
existing state of things was the last term of a long series of antecedent 
states, which, when traced back, would be found to show no interrup- 
tion and no breach of continuity. I propose in this and a. following 
lecture to test this hypothesis rigorously by the evidence at command, 
and to inquire how far that evidence could be said to be indifferent 
to it, how far it could be said to be favorable to it, and, finally, how 
far it could be said to be demonstrative. From almost the origin of 
these discussions upon the existing condition-and the causes which 
have led to it-of the animal and vegetable worlds, an argument has 
been pnt forward as an objection to evolution, which we shall l1a, e to 
consider very seriously. I think that that argument was tìrst clearly 
stated by Cnvier in his criticism of the doctrines propounded 1)y his 
great contemporary, Lamarck. At that time the :Frcuch expedition 
to Egypt had called the attention of learned men to the wonderful 
stores of antiquities in that country, ana therc bad ùeen brought back 
to France numerous mummified corpses of animals which the ancient 
Egyptians revered. and preserved, the date of which, at a reasonable 
. The second of three lectures on U The Direct E-ridence of Evolution," de1ivered ai 
Chickering Han, New York, September 20th. From the report of the XtW York Trib- 
une, carefully revised by Prof. Huxley. 
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computation, cannot be placed at less than 3,000 or 4,000 years before 
the time at which they were thus brought to light. Cuvier endeav- 
ored to ascertain, by a very just and proper method, what foundation 
there was for the belief in a gradual and luogressive change of ani- 
lnals, by comparing the skeletons and all accessible })arts of these 
animals, such as crocodiles, birds, dogs, cats, and the like, with those 
which are now found living in Egypt, and he came to the conclusion 
-:1 conclusion which has been verified by all subsequent l'esearch- 
that no appreciable change ha(l taken place in the animals which 
inhabited Egypt. And he drew thence tbe conclusion, and a hasty 
one, that this fact was altogether opposed to the doctrine of evolu- 
tion. The progress of research since Cuvier's time has furnished far 
stronger arguments than those which he drew from the mummified 
bodies of Egyptian animals. ,A remarkable case is to be found in 
your own country in the neighborhood of the magnificent falls of 
Niagara. In the immediate vicinity of the whirlpool, and again upon 
Goat Island, in the superficial deposits which cover the surface of the 
soil of the rock in those regions, there are found remains of animals 
in perfect preservation-shells belonging to exactly the same forms 
as at lwescnt inhabit the still waters of Lake Erie. It is evident from 
the formation of the country that these animal remains were del)osited 
in the beds in which they occur, at the time at which the lake extended 
over the region in which they are found. This involves the necessity 
that they li\Ted and died before the falls had cut their way back 
through the gorge of Niagara; and, indeed, it is possible to deter- 
mine that at that time the falls of Niagara must have been at least six 
miles farther down the ri\rer than they are at present. l\Iany compu- 
tations have been made of the rate at which Kiagara is thus cutting 
its way back. Those computations ha\.e varied greatly, but I believe 
I am speaking within the bounds of prudence if I assume that the 
t
tlls of Yiagara have not retreated at a greater pace than ahout a foot 
a year. Six miles, speaking roughly, are 30,000 feet; 30,000 feet, at 
a foot a year, are 30,000 ye3rs; and we are fairly justified in conclud- 
. iug that no less a period thall this has passed since these shell-fish, 
whose remains are left in the beds to which we have referred, were 
deposited. But there is even still stronger evidence of the long dura- 
tion of cert.ain types than this. As we work our way through the 
great series of the Tertiary formations, we find species of animals iden- 
tical with those which live at the present day, diminishing in num- 
bel's, it is true, but still existing in a certain number in the oldest of 
the Tertiary rocks. And not ouly so, but when we examine tbe rocks 
of the Cretaceous' epoch itself, we find the remains of some animals 
which the closest scrutiny cannot show to be in any respect different 
from those which live at the present time. That is the case with one 
of the lamp-shells, a Terebratula which is found in the chalk, and 
which has continued as it was found, or with insignificant variation, 
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through to the present day. Such is the case with the Glubi[/er;'ìUJ 
the skeletons of which, aggregated together, form the great mass of? 
our chalk in England. That GlolJigerina can be trac('d dowu to the 
Globigerinæ which live at the surface of ollr great oceans, and the 
remains of which, falling to the bottom of the sea, give rise to a 
chalky material. So that it must be admitted that certain s!)ccies of 
creatures living at the present day show no sign of modification or 
transformation in the course of a lapse of time as great as that which 
carries us back to the period of chalk. There are groups of species 
so closely allied togethel' that it needs the eye of a naturalif't to dis- 
tinguish them one from another. If we pay attention to these, we 
find that a vastly greater period must be allotted, in some C:lSCS, to 
these pel'sistent forms. In the chalk itself, for example, there is the 
fish belonging to the highest and the most differentiated of OS8eous 
fislws, which go by the name of Beryx. That fish is one of the most 
beautiful of fossils found in our English chalk. It can be studied 
anatomically, so far as the bard parts are üoncerned, almost as wen as 
if it were a recent fish. We find that that fish is represented at the 
present day "J?y very closely-allied species which are living in the 

acific and Atlantic Oceans. But we may go still farther back, and 
we find, a.s I mentioned to you yesterday, tbat the Carboniferous for- 
mations in Europe and in America contain the reJrtains of scorpions 
in an admirable state of preservation, and those scorpions are hardly 
distinguishable from such fiS now live. I do not mean to say that 
they are not distinguishable, but they require close scrutiny to distin- 
guish them from the scorpions which exist at the present day. 
:More than that. At the very bottom of the Silurian seri('s, in 
what is by some authorities termed the Cambrian formation, where 
all signs of life appear to be dying out-even there, among the few 
ancl scanty animal remains which exist, we. find specics of mol1uscous 
animals which are so closely allied to existing forms that at one time 
they were grouped under the same generic name. I refer to the well- 
known Lingula of the Lingula flags, lately, in consequence of some 
slight differences, placed in the new genus Lingulella. l.}ractically it 
belongs to the same great generic group as the Lingula, which you 
will find at the present day upon the shores of Australia. And the 
same thing is exemplified if we turn to certain great periods of the 
earth's history-as, for exa.m})le, throughout the whole of the :1\1e80- 
zoic period. There are groups of reptil
s which begin shortly after 
the commencement of this period, as the Ichthyosauria and the Ple- 
siosauria, and they abound in vast numbers, They <1i
appear with 
the chalk and throuO"hout the whole of that g reat series of rocks they 
, ö 
present no important modifications. Facts of this kind are undoubt- 
eùly fatal to any form of the doctrine of evolution, which neces
itates 
the supposition that there is an intrin
ic ueces
ity on the pa
t. of 
animal f'orms which once come into eXIstence to ulldcrgo mod1fica- 
VOL. x.-14 
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tion; and they are still more distinctly o})posed to allY view which 
should lead to the belief that tbe modification in different types of 
animal or vegetable life goes. on equally and evenly. The facts, as I 
bave placed them before you, would obviously contradict directly any 
such form of the hypothesis of evolution as laid down in tbese two 
postulates. 
N ow, the service that has been rendered by l\lr. Darwin in the 
doctrine of evolution in general is this: that he has shown that there 
are two great factors in the process of evolution: one of them is the 
tendency to vary, the existence of which may be proved by observa- 
tion in all living forms; the other is the influence of surrounding 
conditions upon what I may call the parent form and the variations 
which are thus evol \'ed frolll it. The cause of the production of vari- 
ations is a matter not at all properly understood at present. 'Yhether 
it depends upon some intricate machinery-if I nlay use the phrase- 
of the animal form itself, or whether it arises through the influence 
of conditions upon that form, is not certain, and the question may for 
the present be left open. But the important point is the tendency to 
the production of variations; then, whether the variations which are 
produced shall survive and fmpplant the })arent, or whether the parent 
forIll shall survive and supplant the variations, is a matter which 
depends entirely\m surrounding conditions. If the surrounding con- 
ditions are such that the parent form is more competent to deal witb 
them and flourish in thenl than the derived forms, then, in the strng- 
gle for exist('nc<?, the parent form will maintain itself and the derived 
forms will be exterminated. But if, on the contrary, tbe conditions 
are such as to be better for the derived than for the parcnt form, the 
parent form will be extirpated and the derived form will take its 
}) I ace. 
In the first case, there \viJl be no progression, no advance of type, 
through any imaginahle series of ages; in the second place, there 
will be modification and change of form. Thus the existence of these 
persistent types of life is no obstacle in the way of the theory of evo- 
lution at all. Take the case of the scorpions to which I have just 
referred. No doubt, since the Carboniferous epoch conditions have 
existed suoh as existed when the scorpions of that epoch flourished, 
in which they find themselves better off, more competent to deal with 
the t1ifficulties in their way than any kind of variation from the scor- 
pion type; and for that reason the scorpion has persisted, and has not 
been supplanted by any other form. And there is no reason in the 
nature of things why, as long as this world exists, if there be condi- 
tions more favorable to scorpions t11an any variation which may arise 
from them, tbese forms of life sbould not persist. 
Therefore, this objection is no objection at all. The facts of this 
character-and they are numerous-belong to that class of evidence 
which I have called indifferent. That is to say, they may afford no 
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direct Slll
po
t t
 th(> doctr
ne of 
Yolution, hut they arc perfectly 
capable of bcmg Interpreted In consIstency with it. There is anot}l(
r 
order of facts of the same kind, and sU8celJtiùle of the same interpr
- · 
tation. The great gronp of Li::ards, whidl alwund so much at the 
present day, extends through the whole series of formations as far 
back as what is called the Permian epoch, wìÜch is represented hy 
the strata lying just above the coal. These Permian lizards differ 
astonishingly little from the lizards which exist at the present day. 
Comparing the amount of difference between these Permian lizards 
and the lizards of the present day with the prodigiOlrs lapse of time 
between the Permian epoch and the prcf1.ent age, it may be said that 
there has been no appreciable change. 
But when you carry your researches farther Lack in time you find 
no trace whatever of lizards nor of any true reptile whatever in the 
whole mass of formations bmwath the Permian. Now, it is perfectly 
clear that if our existing IJaleontological collections, our pxisting 
species of stratified rock, exhaust the whole series of events which 
have ever taken place upon the surface of the globe, such a fact as 
this directly contravenes the whole tbeOl'y of evolutiùn, because this 
theory postulates that the existence of every form must have lJeen 
preceded by that of some form comparatively little different from it. 
Here, however, we have to take into consideration that important fact 
so well insi
ted upon by Lyell and Darwin-the imperfection of the 
geological record. It can he demonstrated as a matter of fact that 
the geological record must ùe incomplete, that it can only preseryc 
remains fonnù in certain fayoraLle localities and under particnlai. 
conditions; that it must l)e destroyed by processes of denudation, 
and oLliterated by processes of metamorphosis-by which I mean 
that beùs of rock of any thickness crammed full of organic remain
 
may yet, either by the percolation of water through them or the in- 
fluence of subterranean heat (if they descend far enough toward thè 
centre of the earth), lose all trace of these remains, and present the 
appearance of beùs of rock formed under conditions in which tllere 
was no trace of living forms. Such metamorphic rocks occur in for- 
mations of all ages, and we know with perfect certainty wllC'n they 
do appear that they have contai!led organic remains, :md that those 
remains have been absolutely oLliterated. 
I insist upon the dcfects of the geological record the more l)e- 
canse those who have not attended to these matters are apt to say to 
us, 
'It is all very well, but, when you get into difficulty with your 
tlH:,ory of evolution, you appeal to the incompleteness an(
 the. imper- 
fection of the geological rccorò;" and I want to make It perfectly 
ciear to you that that imperfection is a va
t fact which mu
1 bp 
tal,,-en into account in all our f'peculations, or we !'hall constantly be 
going wrong. .. . 
Yon will all see that singular 
eries of tracks which l
 coplC'd of 
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its natural size in the ]arge diagram hanging up here, which I owe to 
. the kindness of my friend Prof. JIarsh, with whom I Lad the o}Jpor- 
tunity recently of visiting the precise locality in l\Iassachusetts in 
which these tracks occur. I am, therefore, able to give you my own 
testimony, if needed, that tbey accurately represent the state of 



 


(? 


c:? 


FIG. t.-TR.ACKS OF BRONTOZOUM. 


things which we saw. The valley of the Connecticut is clas8ical 
ground for the geologist. It contains great beds of sandstone, cover- 
ing many square miles, and which present this peculiarity, that they 
have eviùently formed a part of an ancient sea-shore, or, it nlay be, 
lake-shore, and that they have been sufficiently soft for a certain 
period of time to receive the impressions of wbatever animals walked 
over them, and to preserve thenl afterward in exactly the same way, 
as such impressions are at this yery moment preserved on the shores 
of the bay of Fundy and elsewhere. \Ve have there the tracks of 
some gigantic animal (pointing to the diagram), lvhich walked on its 
hind-legs. You see the series of m:uks made alternately by the right 
foot and by t.he left foot; so that from one Ímpression to the other of 
the three-toed foot on the same side is one stride, and that stride, as 
we Inea
mred it, is six feet nine inches. I lëave you, therpfore, to 
form an im!u'essÍon of the magnitude of the creature which mnst baye 
walked along the ancient shore, and which made these impressions. 
N ow, of such impressions there are untolc1 thousands upon these 
shores. Fifty or sixty different kinds have been discovered, and they 
cover vast areas. But up to this present time- not a bone, not a frag- 
ment, of anyone of the great creatures which certainly made these 
impressions has been found; and the only skeleton which has been 
met with in all these deposits to the })resent clay-though they have 
been carefully hunted over-is one fragmpntary ske]eton of oue of 
the smaller forms. 'Vhat has become of all these bones ? You see 
we are not dealing with little creatures, but animnls dwt make a stPp 
of six feet nine inches; and their remains rnust have been left some- 
where. The probability is, that they have been dissolved aW:lY, and 
absolutely lost. 
I b,ave had occasion to work at series of fossil remains of which 
there was nothing whatever except the casts of the bones, the 
olid 
material of the bone having heen dissolved out by percolating water. 
It was a chance in this case that the sandstone happened to be of 
such a constitution as to set, and to allow tl
e bones to be afterward 
. dissolved out, leaving ('avitips of the exact shape of tIle 1>011e8.. 
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Baa that constitution been ot1l(
r than what it was, the bones 
would have been dissolved, the beds of sandstone would have fallen 
together, become one mass, and not the slightest indication that the 
animal had existed would have been discovered. 
I know of no more striking evidence than this fact affords of the 
- , 
caution which should be used in drawing the conclusion, from the 
absence of organic remains in a deposit, tùat animals did not exist at 
the time it was formed. I believe that, having the right understantl- 
ing of the doctrine of evolution on the one hand, and having a just 
estimation of the importance of the imperfection of the geological 
record on the other, all difficulty from the kind of evidence to which 
I have adverted is remo\'ed; and we are justified in believing that 
all such cases are examples of what I ha\'e designated negative 
or indifferent evidence-that is to 
ay, they in no way directlyaù- 
vance the theory of evolution, but they are no obstacle in the way 
of our belief in the doctrine. 
I now l)ass on to the consideration of those cases which are not- 
for reasons which I will point out to you by-and-by-demonstrative of 
the truth of evolution, but which are such as must exist if evolution 
be true, and which therefore are, upon the whole, strongly in favor of 
the doctrine. If the doctrin.e of evolution be true, it follows that, how- 
ever diverse the different groups of animals .and of plants may be, 
they nlust have all, at one time or other, been connected by gra- 
dational forms; so that, from the highest animals, whatever they 
may be, down to the lowest speck of gelatinous matter in which life 
can be manifested, there must be a sure and. progressive body of evi- 
dence-a series of gradations by which you could pass from one end 
of the series to the other. Undoubtedly that is a necessary postulate 
of the doctrine of evolution. But, when we look upon animated N a- 
ture as it at present exists, we find something totally different from 
this. 1, e find that animals and plants fall into groups, the different 
members of which are pretty closely allied together, but which are 
separated by great breaks or intervals from other groups. And we 
cannot at present find any intermediate forms which bridge over the
e 
gaps ör intervals. To iJlustrate what I mean: Let me call your at- 
tention to those yertebrate animals which are most familiar to you, 
such as" mammals, and birds, and reptiles. At the present day these 
groups of animals arc perfectly well defined from one another. "T e 
know of no animal now living which in any sense is intermediate 
between the mammal and the bird, or between the bird and reptile; 
hut, on the contrary, there are actual1y some very distinct and ana.- 
tomical ppculiarities, well-defined marks, by which the mammal is 
separated from the bira, and the bird from the reptile. The dis- 
tinctions arc apparent awl striking if you compare the definitions 
of these great groups as they now exist. At the present day there 
are numerous forms of what we may call broadly the pig tril)e, 
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and many varieties of ruminants. These latter haye their definite 
characteristics, and the former haye their distinguishillg peculiarities. 
But there is nothing that fills up the gap bctween the ruminants and 
the pig tribe. The two are distinct. So also is this tbe case betweeu 
the groups of anotJ)er class-reptiles. 'Ve have crocodiles, lizardFi, 
snakes, and tortoises, and yet t1ere is nothing-no connecting link- 
between the crocodile and lizard, or bctween the lizard and snake, or 
between the snake and the crocodile, or between any two of these 
groups. They are separated by absolute breaks. If, then, it could be 

hown that this state of things was from the beginning-had always 
existed-it would be fatal to the doctrine of evolution. If the inter- 
mediate gradations which the doctrine of evolution postulates must 
have existed between these groll}!s-if t1)ey are not to be found any- 
where in the records of the past history of the globe-all that is so . 
far a strong and weighty argument against evolution; while, on the 
other hand, if such intermediate forms are to be found, that is so 
much to the good of evolution, although, for the l'eason which I will 
put before you by-and-by, we must be cautious in assuming such facts 
as }woofs of the theory. 
It is a very remarkable fact that, from the commencement of the 
serious study of paleontology, from the time in fact when Cuvier 
made his brilliant researches upon the fossil remains of animals found 
in the quarriE:'s of :Montmartre, Paleontology has shown what she was 
going to do in this matter, and what kind of evidence it lay in her 
power to proùuce. 
I said just now that at the present day the group of pig-like ani- 
mals and the group of ruminants are entirely distinct; but one of the" 
first of Cuvier's discoveries was an animal which be called the .Ano- 
plotlleriU/m, and which he showed to be, in a great many important 
respects, intermediate in its character between tbe l)igs on the one 
l13nd and the ruminants on the other; that, in f,wt, rese
uch into the 
history of the past did so far-and to the extent which Cuyier indi- 
cated-tend to fill up the breach between the group of ruminants and 
the group of pigs. All 
ubsequent research has also tenàed in this 
direction; and at the present day the investigations of s
lCh men as 
l{ütimeyer and Gaudry have tended to fill up and connect, more an.d 
more, the gaps in our existing series of mammals. But I think- it may 
have an especial interest if-instead of dealing \vith these cases, which 
would require a great deal of tedious osteological detail-l take 
the case of birds and reptiles-which groups, at the present day, are 
so clearly distinguished from one another that there are perhaps no 
classes of animals which in popular apprehension are more completely 
separated. Birds, as you are aware, are covered with feathers; they 
are provided with wings; t11ey are specially and peculiarly modified 
as to their anterior extremities; and they walk perpendicularly upon 
two legs; and those limbs, when they are considered anhtomically, 
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present a great number of exceedingly remarkable peculiarities, to 
which I maY;l3.ve occasion to advert inciùentallyas I go on, hut 
which are not met with even approximately in any 
xisting forms of 
reptiles. On the other hand, reptiles, if they have a covering at all, 
have a covering of scales or bony plates. They possess 110 wings; 
they are not volatile, and they have no such modification of tIle limbs 
as we find in birds. It is impossihle to iIuagine any two groups 
apparently more definitely and distinctly separated. As we trace tbe 
history of birds back in time, we find their remains almndant in the 
tertiary rocks throughout their whole extent, but, EO far as our pres- 
ent know ledge goes, the birds of the tertiary rocks retain the same 
essential character as the birds of the present day-that is to say, the 
t.ertiary bird comes within the definition of our existing bircl
, and are 
as much separated from reptiles as our pxisting birds are. .A few 
years ago no remains of birds had been found Lelow the tertiary 
rocks, and I am not sure but tlmt some persons were prepared to 
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FIG. 2.-HESPERORNIS REGALIS. (Mal'El..) 


demonstrate that they could not have existe(l at 
1l earlier. per
od. 
But. in the last. few years such remains !}ave been dlsc?':ered 111 Eng
 
land, though, unfortunately, in a vcry Imperfect conditIOn. In yom 
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country the development of cretaceous rocks is enormous; the condi- 
tions under which the later cretaceous strata haye beet\ deposited are 
highly favorable to the preservation of organic remains, and the 
researches full of labor and toil, which have been carried on 1y Prof. 
1\13.r8h in these 'Vestern cretaceous rocks, have rewarded him with 
the discovery of forms of birds of which we bad hitherto no concep- 
tion. By his kindness, I am enabled to place before you a restoration 
of one of these extraordinary birds, every part of which can be thor- 


.
 
'-", 

 , ' 
, ',"11, 


1\,\ 
 . 


, 


.
 ,I 
.. 
 I , I I 


., Joo,. 


" 
,{ 


'f '. 


I-I \;. 
":::::- 
1 
 
i :
 

 
 

 1 ':::-' 
r' .;.
. 
:
 
II' :-
 
1 ,;
 
,
 


. - - I 
,\ 


. 


I 
I 


J II 
I 
I' II 
I '
 
IJ, 'I 

 1 

 'l' , 
-'j . . 
I I ! I 
Iii I 1 
I (i .1 
III I 
I
 
 J 
J' 
: ,I j 
'I 

,. I r 1 
1 \ \ II, 
\ 
) ! 1 
IJi 
I! 
( -
" ,. ,\\;i"
 
./ 
FIG. 3.-HE8PEROR:NIS REGALIS. (Marsh.) 


oughly justified. The remains exist in the greatest beauty in his col- 
lection. This He,
perorni8 stood about sh. feet high, and in a great 
many respects is astonishingly like an existing diver or grebe, so like 
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it indeed that, lJaù this skeleton 1('en fOUlHl in a museum, I suppose- 
if the head had not been known-it woulù l)ave been placeù in the 
same general group as the divers ana g-rebes of the present day. But 
this bird differs from all existing birds, and so far resemhl(.s reptiles 
in one important particular that it is provided with teeth. These 
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FIG, 4.-IcHTHYORS1S DI8PAR. (1\farsb.) 


long jaws arc beset by teeth, as in this diagram, in which one of the 
. 1 I ' . g trlle t eeth the IIelmer- 
teeth IS represented separate y. n possessm ,"1 
.. b ' 1 1 . view of the char- 
ornis differs entirely from any eXlstmg Ir( , :1IH In . . 
acteristics of this l)ird we are obliged to moò.ify the dcfimtlOn of the 
class of birds and reptiles. Before the ùiscovery of a cre'1ture such 
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as this, it might have been said that ùirds were characterized by the 
absence of teeth; but the discovcry of a bird that had teeth shows at 
once that there were ancient birds that, in that particular respect, 
approached reptiles more nearly than any existing bird does. 
The same rocks have yielded another bird (Iclltllym'nis), which 
also has teeth in its jaws, the teeth in this case being situated in dis- 
tinct sockets, while those of H(-;spe'J'ornis were not so lodged. The 
latter al::;o had very small wings, while Icltthyol'nis has strong wings. 
Iclttll,yornis also difl'ered in the fact that the joints of its backbone- 
its vertebræ-had IJoOt the peculiar character that the vertebræ of 
existing birds have, but were concave at each end. This discovery 
leads us to make another modification in tbe definition of the group 
of birds, and to part with another of the characters by which they 
are distinguished from reptiles. ',e know nothing whatever of birds 
older than these until we come down to the J m'assic period, and from 
rocks of that age we have a single bird which was first made known 
bÿ the finding of a fossil feather. It was thought wonderful that 
such a perishable thing as a feather should be discovered and nothing 
more, and so it was; anù for a long time notlling was known of this 
bird except its feather. But, by-and-by one solitary specimen was 
discovered, which is now in the British l\luseum. That solitary 
specimen is unfortunately devoid of its head; but there is this 
wonderful peculiarity about the creature that, so far as its feet 
are known, it has all the cllaracters of a bird, all those peculiari- 
ties by which a bird is distinguished from a reptile. N everthe- 
less, in other respects, it is unlike a bird and like a reptile. There 
is a long series of caudal yertebræ. The wing differs in some 
very remarkable respects from the structure it presents in a true 
bird. In a true bird the wing answers to these three fingers-the 
thumb and two fingers of my hand-the metacarpal bones are fused 
together into one mass-and the whole apparatus except the thumb 
is bound up in a sheath of integument, and the edge of the hand 
carries the principal quill-feathers. It is in that way that the bird's 
wing becomes an instrument of flight. In the Archæopteryæ, the up- 
per-arm bone is like that of a hird; these two forearnl bones are Inore 
or less like those of a bird, bllt the fingers are not bound together- 
they are free, and they are all terminated by strong claws, not like 
such as are sometimes founel in birds, but by such as reptiles })ossess, 
so that in the Archæopteryx you have an animal which, to a certain 
extent, occupies a midway place between a bird and a reptile. It is 
a bird so far as its foot and sundry other parts of its skeleton are 
concerned; it is essentially and thoroughly a bird in the fact that it 
possesses feathers, but it is much more properly a l'eptile in the fact 
that what l'epresents the hand has separate bones resembling those 
which terminate the fore-limb of a reptile. l\Ioreover, it had a long 
. tail with a fringe of feathers on each side. All these cases, so far as 
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they go, you will observe are in favor of evolution to this extent that 
they show that in former perioùs of the world':::; history ('reatur
::, ex- 
isted which overstepped the bounds of all existing cIa..;o..es and group
, 
and tended to fill np the intervals which at present exi
t Let\\ ('('n 
them. But we can go further than this. It is possihle to fill up 
the interval between birds and reptiles in. a much more striking 
manner. I do not think that this is to he dono by looking upon 
what are called the Pterodactyls as the intermediate form lJctwecn 
. 
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FIG. 5.-PTERODACTYLUB SPECTABILIS. (Yon 1tleyer.) 


birds and reptiles. Throughout the whole series of the mesozoic 
rocks. we meet with some exceedingly remarkable flying crcaturctò-, 
some of which attain a great size, their wings having 3. span. of 
eighteen or twenty feet or more, and these are known as Ptero- 
sauria, or Pterodactyls. 'Ye find the
e with a. bird-like head and 
neck, with a vertebral column sometimes terminated by a short :HHI 
sometimes 1 y a lono- tail aud in which the bones of the 
kcleton 
o , 
present one of the peculiarities which are often considered to Lc most 
characteristic of birds-that of having pneumatic cavitie", which make 
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the creature specifically light in its :flight. Like a bird, this creature 
has a largish breastbone, but from that point onward, so far as I can 
see, special, particular resemblances end, and a careful examination 
of the fore-limbs shows you that they are not birds' wings; they are 
something totally different from a bird's wings. And then, again 
(pointing to a chart), those are not a bird's posterior extremities, but 
are rather a reptilian's hind-limbs. The vertebræ present nothing 
that I need d well upon, bnt the bones of the hand are very won- 
derful. · 
There are four fingers represented. These four fingers are large, 
and three of them-these, which answer to these three in my hands- 
are terminated by claws, while the fourth is enormously prolonged 
into a great jointed style. You see at once ftom what I have stated 
about a bird's wing that there could be nothing more unlike a bird's 
- wing than this is. It was concluded by general reasoning that this 
finger was made to support a great web like a bat's wing. Speci- 
mens now exist showing that this was really the case, that this creat- 
Ul'e was devoid of feathers, but the fingers supported a vast web like 
a hat's wing, and there can be no doubt. that this ancient reptile :flew 
after the fashion of a bat. Thus, though the pterodactyl is a :flying 
reptile, although it prescnts smne points of 8imilarity to birds, yet is 
it so different from them that'I do not think that we ha\?e any right to 
regard it as one of the forms intennediate bet ween the reptile and the 
bird. Such intermediate forms are to be found, however, by looking 
in a different direction. Through the whole series of mesozoic rocks 
there occur reptiles, some of which are of gigantic dimensions; in 
fact, they are reckoned among the largest of terrestrial animals. 
Some of them are forty and fifty, possibly more, feet long. Such are 
the Iguanodon, the JJfegalosaurus, and a number of others, with the 
names of which I will not trouble you. There are great diversities 
of structure among these great reptiles. Some of them resem bie liz- 
ards in the proportions of their limbs, and have evidently walked on 
all-fours, in that respect resembling the existing crocodile; but in 
others you can trace a series of modifications in virtue of which the 
hind-limbs at length completely assumed the character of a bird's 
hind
limbs. I here indicate (pointing to a diagram) the hind Hmb 
of a crocodile, showing the bones of tbe hind-limbs and of the pelvis. 
These are the haunch-bones; these are the two leg-bones
 Thcn 
comes the division of the foot which we call the tarsus, in which the 
component bones are separate and distinct from one another, from 
the bones of the leg and from those of the metatarsus. Then come 
the four toes, which alone exist in the hind-feet of the crocodile, and 
which are separate and distinct. The foot is :flat on the ground, so 
that the legs spread out and the weight of the body hangs clumsily 
between them. Contrast this with what we find in the bird-the 
haunch - bone here is immensely elongated, and the joints of the 
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back- bon
, between the two haunch - bones, are. united so as to 
form 
 solId support upon which the weight of the body rests. Then 
the. thIgh-bone becomes very short, and has a back ridge upon its outer 
articular surface. At the lower end the ridge .fits in between the 
upper extremity of the small bone of the leg, near to the gre;t bone, 
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and makes a kind of spring-joint. The small bone of the leg is quite 
large above, and becomes rudimèntary ùelow. It runs out into a 
style, instead of being long and large, as it is in the case of the croco- 
dile. Then, when you come to the bones of the foot, you Dnd t}Jere 
are no Reparate bones such as you have here, but the end of the tibia, 
or large bone of the leg, app.ears to end in a kind of puIIeJ, a 8in- 
gle bone follows the tibia and to the trifurcated extremity of t})iR 
hone. Upon the extremity of that bone are attached three toe8. It 
is obvious that the contrast betwef'n the crocodile's leg on t})e one 
band, and the bird's leg on the other, is very striking. But this iu- 
terval is completely filled up when you study the character of the 
hinder extremities in those ancient reptiles which are called the IJÙw- 
sauria. In some of these the bones of the pelvis, and those of the 
hind-limb, become extraordinarily similar to tho
e of birds, especially 
to those of young or fætal birds. 11\trthermore, in some of these rep- 
tile
, the fore-limbs become smaller and EmaIIer, and tllU'I the bUS- 
J)icion 11aturally arises that they may ha,-e assumed tl)e erect pOði- 
tion. That view was entertained by :Mantd, and was also demon- 
strated to be probable by your own distinguished anatomist, Leidy, 
but the discoveries of late years s})Ow that in !'ome of these forms the 
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fact was actually so; that reptiles once existed which walked upon 
their hind-legs as birds now do. The diagram is a faithful and accu- 
rate representation of an existing fos
il except for this, that, whereas 
in the existing fos
l the bones are twisted about and out of place, I 


FIG. 7.-COMP;:;OGNATHUS LONGIPES. <""ngncl',) 


have put them here in the position that they must have had in na- 
hue. You see a creature with a long neck and bird-like head, with 
very small anterior extremities, and that cowp8o[Jnathous creature 
nlust assuredly have walked about upon its hilld-legs, bird-fashion. 
.A.ad to this feathers, and the transition would be complete. Now 
to define it: The possession of teeth would, as we see, not separate 
this animal from the class of birds we have. 'Ve have had to stretch 
the class of birds so as to include birds possessed of teeth, and, so far 
as the character of the skeleton goes; we may fairly say that there 
needs here little n10re than the addition of feathers-and whether this 
creature had them or not Wp don't know-to convert it into a bird. 
I have said that there can be no question, from their anatomical 
structure, that these animals ,valked upon their hind-legs, and, in fact, 
there are to be found in the Wealden strata of England gigantic foot- 
steps arranged in order like these of the B}'ontoZ01l'Jn, and wllich there 
cJ.n be no reasonable doubt were made by .Dinosa
l'J'ia, the remains 
of which were found in the same rock. And, knowing that reptileR 
that walked upon tlleir legs and shared many' of the anatomical char- 
acters of hirds did once exist, it becomes a very important question 
whether those tracks in l\Iassachusetts-to which I referred just now, 
and which formerly used to be unhesitatingly ascribed to birds-may 
not aU have been made either by rf'ptiles similar to the IJinosauria, 
or whether, if we could get hold of the r-;k('leton which made these 
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tracks, some of which are marvelously like bird's tracks, we should 
not come upon exactly tbat series of transitions by whicb in former 
days the reptile was connocted with the bird. 
I don't think, ladies and gentlemen, that I need insist upon the 
value of evidence of this kind. You will observe that, although it 
does not prove that birds have originated from reptiles by the gradual 
modification of the ordiT!ary reptile into a dino
aurian form, and so 
into a bird, yet it does show that such a process may possibly have 
taken place, and it does show that, in former times, there existed 
creatures which filled up one of the largest gaps in existing animate 
nature, and that was exactly the kind of evidence which I stated to 
you in starting we are bound to meet with in rocks if the hypothesis 
of evolution be correct. 
In my third and last lecture I will take up what I venture to call 
the demonstrative evidence of evolution. 


. . . 


O
 V ARL:1.TION IN TIlE MOTHS. 


By AUG. R. GROTE, A. M. 


T HERE are a large number of different kinds of moths, inhabitin1! 
North America and Europe, which entomologists have classified 
under the technical fumily term, Noctuæ. Of this family, 1,028 differ- 
ent species have been catalogued as European. There being yery many 
students, and a suflìcient time having elapsed to secure a thorough col- 
lecting throughout the territory, this number may be taken as sufli- 
ciently corresp0ndillg with the actual representation of the family in 
Europe. In North America nearly 1,200 species are now catalogued/ 
but, since much of our territory remains to be explor('d in this re- 
s.pect, we may expect considerable additions to the number of known 
Noctltæ inhabiting our continent. The greater number of the f:pe- 
cies Inay be easily distinguished on comparison, the American from 
the Europeåu. There are, however, certain American species which 
differ but very slightly from certain European, and hence are generally 
called "representative species," or "f'pecies of replacemeut." }'or 
instance, .LÍpatela occidentalis (G. and R.) "represents" the European 
.Apatela pÛ (Linn.); Ägrotis Normaniana (Grote), the European 
Agrotis triangulu'Jn j Oalocampa nupera (Lintner), the European 
Oalocamp(t vetust(t j Oatocala relict a ('Valk.), the European Gato- 
cala fraxini, etc. 
Although the number of such species appears relatively small, 


U List of the Noctuidæ of North America, 1875-''7û.'' Buffalo, R
inccke & Zc::'cb. 
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it is prohably in reality larger than as ret suspected. For e\.en the 
species acknowledged to occupy this relationship to each other ex- 
hibit quite different degrees of resemblance. I say" relationship," 
for we must reasonably conclude that this resemblance is not acci- 
dental or meaningless. It must indicate that both the European and 
American species are derived from a common stock. l\Iore than two 
years ago, I suggested that the faunæ had become separated through 
the physical action of the glacial epoch, showing that from the pres- 
ent distribution of species, and their degree of l'esemblance, no other 
hypothesis would explain all the L'lcts in the case so satisfactoriJy. 
For we have to account, first, for the occurrence of nearly-related 
forms in localities as widely separated, geogra})hically, as Texas and 
Germany; and then, again, for the occurrence, within our ten'itory, 
of nearly-related species on the Alpine sumluits of l\Iount 'Vashington 
and the distant arctic regions. The method of l)robable distribution 
of these latter species, through the action of the retreating ice, I have 
explained in the American ])""àtuntlist for l\Iarch of this year. 
In studying specimens of these related American and European 
species of Noctuæ, some new light beari
g upon the question of their 
differences is attempted to be thrown in the present paper. I have 
endeavored to localize these differences upon some portion of the 
insect. In all the cases I have been able to investigate, these differ- 
· ences are expressed on the upper surface of the body and wings, and 
principally on the upper surface of the front pair of wiugs. Here it 
is that the first variations, which now have grown into specific differ- 
ences, were probably expressed. And the reason for this seems to be, 
that this portion of the body is that usually exp.osed to the light and 
the action or- external influences. The moths, during the daytime, 
rest with the front-wings dependent over the hind-wing
, and nearly 
covering the body. 'Vhile in the American and Euro}Jean related 
species the differences which lead us to call them distinct " species" 
are locaterl on the front-wings chiefly, the under surfaces of both wings 
remain exceedingly similar in the contrasted forms. This is the por- 
tion which in the day time (the period of inaction for moths) is 
applied to the surface against which the insect rests, and is entirely 
shielded from exposure. Take, for instance, the European Catocala 
fl"axini ann the American Catocala'relicta. The ground-color of the 
American species above and below ie a bright, clear white. K ow, 
beneat11, Oboth species show this color, but the upper surface of 
the fore-wings, in the European species, is obscured by an evenly- 
distributed admixture of blackish scales, so that the wings a})pear of 
a uniform obscure gray. The hind-wings, in the European species, 
are crosse<l hy a band of bluish scales; in the American, tJlis band is 
white, while I have recently detected a slight powdered edging of 
blue scales, difficult to percei \'e, and apparently hitherto unnoticed. 
The principal difference in ornamentation is, again, to be fOllIlel on the 
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upper surface of the fore-wings. It lies in the course and shape of the 
transverse posterior line-a 1ine which is a general feature of orna- 
mentation throughout this group of insects. 
This position might be sustained by parallel facts, but the limit of 
this article does not allow of their Leing presented. It remains to 
see what light these observations throw upon the origin of all these 
different kinds of moths. They seem to me to point to.a method of 
variation in this group, and to a reason for its display. Anù, if we 
can apply these observations to particular instances, they may lead to 
a better understanding of the value of these specific forms, by allow- 
ing us to appreciate with more exactness the amount of differentiation 
they have undergone in the lapse of time. In a wider sense, we may 
attempt a classification by the ornamentation and coloration in the 
moths based on method, and such studies cannot fail to lend fresh 
interest to the barren but necessary work of describing the different 
species or forms. It seems to me, also, that these observations vindi- 
cate the importance oÎ studying the characters of color and pattern in 
the group, and are, perhaps, a criticism on the remarks of those writ- 
ers who purposely allow these no higher value than the subordinate 
one of dividing their material into" species" in the:r collections. In 
fact, these characters may give us a clew to the genealogy of the group, 
and seem to be of sufficient importance to be noted in descriptions of 
gen era. 


... 


TIlE CONSTANCY OF MOTIO
. 


By GEORGE ILES. 


T IlE conservation of energy, as treated in the most recent work of 
authority on the subject, Prof. Balfour Stewart's, publislled in the 
"International Scientific Series," regards energy as divisible into two 
classes, actual and potential: actual energy, as in the case of a rush- 
ina' stream of water or a radiant and contractin!! mass of molten 
ö' d 
iron; and potential energy, where, for instance, a stone is at a height 
and may 1all, or where a spring is tightly coiled and may unwiud. 
Prof. Stewart speaks the general opinion of moùern physicists, 
Profs. Rankine, Tyndall, and others, wllen he states that, in cases of 
potential energy, the bodies endowed with it are absolutely at re
t, 
and that the motion exhausted in storing up such energy is represent- 
ed by a mere advantage of position, which, when utilized, yields in 
actual, palpable motion the energy which has lain compl<.'tel! quies. 
cent, as when the stone falls to the earth, or the freeù sprmg un- 
coils. 
This division of energy into actual and potential seems to me to 
'"OLe x.-1ð 
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be defective. It prevents the direct comprehension in the mind of 
energy as being motion and nothing else; it leaves unexplained how 
a body perfectly at rest can come to rnoye; and further implies the 
dissipation of energy (which I have treated in a previous number of 
this journal) in a new phase, for, if all the actual energy in the uni- 
verse were to become potential, all the real and positive motions which 
constitute life might indefinitely cease. 
Let us examine, then, some cases of" potential" energy, and see 
if they be not actual, although under a disguise; so that the present 
definition of the conservation of energy may be replaced by the more 
intelligible 8tatement that motion is constant; that it is nevpr abol- 
ished for a time, nor absolutely suspended, all appearances to the con- 
trary notwithstanding; and that so, all cases of energy are dynamic, 
and no part of them static, as now currently held. 
For matter seemingly at rest may contain '\\ ithin itself motions as 

'eal as those to which at another time it openly gives rise, when it 
radiates heat or attracts by magnetism. 
First of all, then, let us consiùer the case of a stone at a heigllt, say 
on the brow of a cliff, capable of falling at any time when slightly 
pushed. 
Gravity is the one force, of all the forms of energy, whose relations 
with others it is most difficult to imagine. 
Other forces affect each other most palpably: magnetism forsakes 
a magnet when it is made white hot; chemical affinity is most sensi- 
tive to variations of temperature, and even in some cases to mechani- 
cal tremor; the transmission of electricity is favored by the cooling 
of a conductor, and so on. 
Otherwise is it with gravity: a given mass of matter, however 
mechanically moved, electrified, magnetized, heated, or sul)jected to 
chemical changes, at the same point on the earth's surface, always 
weighs the same. . 
The only force with which gravity has any analogy is magnetism; 
and were magnetism always attractive, instead of polar, with equal 
opposite manifestations of attraction and repulsion, the analogy would 
be a strong one. 
Let us, however, work out what analogy there is, and we may find 
that as the subtile movements of light were made plain by the study 
of the grosser movements of sound in air, so may the long-hidden 
laws of gravity be revealed in part, by tracing the similitude existing 
between their effects and those of common magnetism. 
Both forces obey the law of squares: according to t1mt law, they 
diminish as we recede from their centres of attraction. And what is 
yery suggestive is, that, as their appetites are satisfied, they decrease 
in exactly the same ratio. 
Two sman magnets at a great distance from each otber (so as to 
be practically out of the range of each other's influence), }laving each 
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a force equal to 1, when permitted to unite, have together a force lesa 
than 2; and this because work can be done by their attraction me- 
chanically, or may appear as heat; and of course this must dimini
h 
their original stock of energy. 
Precisely "So with gravity. Suppose, for simplicity's sake, the 
radius of the earth to be 4,000 miles. Let us then imagine a stone of 
four tons lifted from the earth's surface to a distance of 4 001 miles. 
. , , 
it would there weigh one ton-very nearly. Were such a mass to"fall 
it would pass throngh 4,001 miles of space, and yicld corresponding 
work. 
Now let us further imagine a world, concentric with our present 
one, to be made up by the union of the earth with seven other Buch 
planets, and let us leave out of the question any possible condensation 
in the matter of this new world. Then supposing the stone to bave 
resumed its former position in space, Íf gravity were allowed to a('t 
again, it could only do so through one mile, instead of 4,001 miles as 
before. 
And mark how the geometrical necessities of enlargement lessen 
the working power of a mass attracting by gravity; for a stone weigh- 
ing four tons on our present globe would only weigh twice as much 
on a sphere containing eight times the matter. 
In the latter case, the surface would be twice as distant from the 
centre as in the former; for the attraction diminishes as the square 
of the distance of surface from the centre. Therefore the 8 times in- 
creased bulk lIas to be divided by 4, the sqnare of the doubled radius. 
Thus the weight of a definite mass on any celestial body varies as 
the density of the body and as the radius of it. 
One of our pound-weights taken to the sun would there weigh 27 
pounds, the sun's radius being about 110 times that of the earth, but 
itB density only about one-fourth as great; while its bulk exceeds 
that of our planet by as much as 1,252,000 times. 
If we now attentively observe the energy of a magnet in its usual 
genesis, we may learn somewhat, not only of grayity, but of attrac- 
tion in genera1. The most convenient way to make magnets is hy the 
use of an electric coil. A piece of properly-tempered steel is inserted 
in a helix of copper wire, through which a currcnt circulates proceed- 
ing from t11e mechanical motion of a steam-engine, conyerted into 
electricity by suitable apparatuR. 
Other methods of maO'nctization there are, 1mt none so directly 
o . 
instructive as this; here we have the visible, palpable motIOn of 
heavy wheels disappearing, and the chief result is the attractive force 
developed in the steel. The conviction dawns upon us that the mo- 
tion of the wheels has been taken up by the moleculcs of the bar, 
that the steel has now internal movements which before it had not; 
and that these movements of its particles exist in full actuality, ca- 
pable of doing tangible work when fitly permitted. Let us hring 
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a piece of iron or steel near to the magnet, and instantly it leaps 
toward it, confirming our conviction. 
That a medium exists for the conveyance of such molecular mo- 
tion, we are obliged to think; but what it is, or how it is affected, 
we cannot yet imagine. Thus much, however, is plain, that, as a me- 
dium purely, it can be no source of motion, so that the mere fact of 
distance between bodies can be no satisfactory explanation of attrac- 
tion. 
Attraction, then, wherever it appears, I believe to be due to con- 
tained motion in the particles of the bodies presenting it; which 
molecular motion is the equivalent of, and convertible into, the move- 
ment of masses as wholes. 
Gravity, I venture to hold, is a force due to a distinct motion of 
the ultimate parts of' matter, which ]las not yet been formulated. 
And, as the energy expended in sundering two united magnets reap- 
pears in the increase of their attractive powers, or the acceleration of 
such motion of their partic1es as constitutes magnetism, so the lifting 
of a stone from the earth would imply that the force consumed in so 
doing must take the form of a quickening in that motion of its parti- 
cles which constitutes gravity. And we have seen how every succes- 
si\"e act of obedience to both these forces of aggregation makes them 
weaker and weaker, as it reasonably should. 
Therefore, I conclude that the energy of a stone at a beight is not 
potential, but actual; that its value as a source of work, at any time, 
is represented by the swifter motion of its molecules as compared 
with those of a stone on the earth's surface; and tbat, as a stone falls, 
its internal motion takes the phase of mass motion. 
This' theory would lead us to suppose tbat the onward momen- 
tum of the planets, as they turn before the sun, is the expression of an 
equal internal gravitive motion of their ultimate parts, which exactly 
balances these mighty celestial revolutions. 
Tbe next case of " potential" energy to be inquired into is that of 
a coiled spring, which, in unwinding, may yield the force it took to 
coil it. 
This case may be intelligibly eXplained on the same principle of 
the constancy of motion. The particles of a spring may be assumed 
to have a definite plane of molecular motion, which motion we shall 
presume is that due to temperature. In coiling, these planes are 
changed, and energy is requireù to do it; just as when a gyroscope- 
top is rapidly revolving in a certain fixed plane, it may, by a measu- 
rable effort, be made to revolve in a conical curve, with one end of its 
axis stationary, and the other describing a circle in space. And, as 
tbe gyroscope strongly tends to move in a unif01'm plane, and can do 
work in resuming such a plane, so I assume that the particles in a 
coiled spring have two similar motions, one of which is at any time 
available for tangible work when the spring is freed. 
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Yet another example. Let us take the case of a cylinder of com- 
pressed air which for years, tightly sealed, may 8erve as a store of 
force. 
Prof. Clerk :Maxwell explains how an ounce of air, in a closed and 
fragile jar, sustains the outside pressure of the atmof:phere amounting 
to several tons; this he does by the theory tllat the ounce of air is 
made up of molecules which have so rapid a motion among themselves 
that they collide on the inside of the jar with as great a force as that 
of the atmospheric pressure externally. 
This theory, now widely accepted, rests on the solid grounds of 
the measured velocity of air rushing into a vacuum, which is the 
same as that assumed for its internal motion; and further, on some 
observations of the diffusion of various gases into each other, which it 
would be out of place to detail here. 
On the basis, then, of Prof. l\faxwell's theory, we can believe that, 
in a cylinder of compressed air, the energy stored up exists in no 
merely" potential" form, but in the fun actuality of the rapid motion 
of gaseous particles, which may take the shape of mass-motion when 
the piston is allowed to move outward. 
An extension of the hypothesis that motion is continuous woulù 
lead to the inference that the so-called latent heat of water at 32 0 
Fahr., as compared with ice at the same temperature, is ùue to the 
swifter movement of the molecules in the former case; and no facts 
are better known than that mechanical motion can become heat, and 
that heat turns ice into water. 
Another implication of this theory is that atoms, as free hydrogen, 
oxygen, or carbon, are in exceE'dingly greater commotion than mole- 
cules, such as those of water or carbonic-acid gas. For the decompo- 
sition of such molecules may be effected by the exhaustion of mecbani- 
cal motion, and I take it that the dynamic state of the proùucts mu
t 
balance this expenditure. "That else can become of it? 
The measure of the contained motion in two different atoms can 
be noted on their combining chemically, by the increase of temper3- 
ture, which has its well-known mechanical equivalent. 
The analogy between chemical units and small magnets is ve:y 
close: as a magnet decreases in size, so, relatively thereto, does Its 
attractive power increase; and, were we able to go on dividing 
until we came to a single atom of iron, we should doubtleE1s 113.ve 
the magnetism merge into the equivalent phase of intense chemical 
affinity. 
Without further illustration, then, of the principle set forth, I win 
sav that as in recent Y ears we have had to familiarize ourselves with 
w , 
the idea that many forms of actual energy are impalpahle, as the rays 
of light and tbe waves of sound, 80 now I think there are good 
grounds for extending our iJeas so as to believe that all phases. of 
" potential" energy are really actual; that, as we cannot but thmk 
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that only motion can breed {notion, energy means motion; and that as 
such its amount is constant, and its presence, behind whatever veil, 
continuous; so that it is only IH'operly divisible into two kinds, per- 
ceptible and imperceptible. 


. . . 
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A J.\IONG the younger l}hysicists of the country who have done 
honor to American science by the interest and extent of their 
original .researches, the subject of the present sketch, and of whom 
we give an excellent portrait tlJÍs month, holds a distinguished }Jlace. 
Though now only in the prime of bis manhood, be has already made 
many refined and elaborate experimental researches, by which he is 
widelyanù favorably knpwn to men of science both in this country 
and in Europe. 
ALFRED l\lARSIIALL l\IA YEll was born in Baltimore, November 3, 
1836. II is grandfather, Christian l\layer, was descended from an ancient 
family in the city of Ulm, 'Yürtemberg, and came to Baltimore when 
a young man. Here he made a large fortune in trade with India and 
l\lexico. lIe was well known in his day for his liberal and elegant 
llOspitality, his extensive reading, profound knowledge of mercantile 
law, and those marked social and gentlemanly traits that made him 
a delightful companion. Ilis father was Charles F. l\layer, who was 
distinguished for his learning, eloquence, and extensive literary cult- 
ure. He is the nephew of Brantz l\Iayer, a prominent writer, who is 
especially known by bis various valuable works on 
Iexico, where he 
resided for a time as secretary of legation. 
Prof. l\Iayer was partly educated at St. l\Iary's College, in Balti- 
more, which he left at the age of sixteen for a more practical sl)here 
of study. He entered the workshop and draughting-room of a me- 
chanical engineer, where he remained two years, acquiring a knowl- 
edge of the use of tools, mechanical drawing, the method of con- 
structing machines, and careful mechanical manipulation. Subse- 
quently, during two years, he cultivated analytical chemistry by 
thorough laboratory practice. 
Prof. l\Iayer has occupied the chair of Physics, with Chemistry 
and Astronomy, in several colleges, as follows: University of l\Iary- 
land, 1856-'58 ; Westminster College, J.\lissouri, 1859-'61; Pennsyl- 
vania College, Gettysburg, 1865-'67; Lehigh University, Bethlehem: 
Pennsylvania, 1867-'70; and the Stevens Institute of Technology 
since 1871. In 1863-'64 he studied physics, mathematics, and p]ly!:)i- 
ology, in the University of Paris. 
Prof. J.\layer's first contribution to science was made in 1855, and 
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described in a paper in the American Journal of SCietLCe and ...1rts 
entitled "A K ew Apparatus for the Determination of Carboni
 
Acid," which was republished in Germany. His second paper was 
on the estimation of weights of very small portions of matter, in 
which he showed that, by the deflections of fine glass fibres, we can 
weigh a particle of matter as small as the n}oo of a milligramm('. 
'\Vhile at the Lehigh University, he designed and superintcnded the 
erection of an astronomical oùservatory, put together and adjusted 
the instruments, and made a series of observations on the I)lanct 
Jupiter, which were republished in England. lIe was in charge of 
the party sent ùy the United States Government to observe the 
eclipse of the sun at Burlington, Iowa, August 7, 1869, anù took 
forty-one perfect photographs of the eclipse with exposures lasting 
only the "51roof a second. 
'Vhile at the Lehigh University, Prof. Mayer contributed to the 
American Journal of Science and .Arts and the Journal of the ]franldin 
Institute various original contriùutions on the" Solar Protuberances," 
" Spectral Analysis of the Stars," " Physical Constitution of the 
un," 
"Electro-:àlagnetism," "Electric Conductivities," "On the ...\lleged 
Electro - Tonic State," "
Iagnetic Declination in Connection with 
the Aurora," "Photographing the 
Iagnetic Spectra;" anù at the 
Salem meeting of the American Association he read an instructi,'e 
paper" On the Thermo-Dynamics of 'Vaterfalls." lIe had taken the 
temperatures of the water at Trenton and Niagara before it leaps the 
cataract and after it strikes below. According to theory, when the 
falling motion is arrested, it is converted into heat, and should be 
shown in a rising temperature below. The observations indicated 
that the effects of evaporation and contact of the divided water with 
the air were greater than the impact in changing the temperature 
of the fallen water, so tbat it may be actually colder below than 
above. But on days when the air is saturated with moisture, and the 
temperatures of the water and air are about the same, results were 
obtained which show that the warming of the falling water conforms 
to Joule's law of the conversion of motion into heat. 
Since entering upon his duties at the Stevens Institute of Tech- 
nology, notwithstanding the labor of lecturing and teaching which 
the position involves, Prof. :t\Iayer l)as conducted elaborate investi- 
gations in various branches of physics, which haye given to science 
many new and important results. Among these may be mentioned 
researches in magnetism, heat, and especially "On the Effects of 
:MaO'netizatiol1 in chanO'in g the Dimensions of Iron and Steel Bar!'," 
ö 0 I . 
and" On the Isothermals of the Solar Disk." ,yo e cannot 1ere gn.e 
the particulars of these interesting inquiries, but must refer the reaùer 
to the memoirs in the scientific journals. 
The line of investiO'ation however, to which Prof. 
I ayer has 
o , . 
mainly devoted himself within the last few years is that of acoustlcs 
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in its various physical connections, and especially in relation to the 
theory of music. Tbese researches are described in papers contained 
in the American Journal of Science and Arts, and several of his impor- 
tant conclusions have been incorporated in the English edition of 
Helmholtz's" Sensations of Tone as a Physiological Basis for a The- 
ory of 1\Iusic." 1\Ir. Alexander J. Ellis, F. R. S. (the translator of 
tbe above work), has also recently published a lecture which he de1iv- 
ered before the London 1\Iusical Association, on the application of 
Prof. 1\Iayer's discoveries to the elucidation of the fundamental prin- 
ciples of musical harmony. 
The chief claims of Prof. 
Iayer in regard to his recent acousti- 
cal results may be concisely summed up as follows: 
1. lIe discovered tbat, by using the phenomena of sympathetic 
vibration, one can show that the translation of a vibrating body 
causes it to give sonorous waves, differing in length ii.om those pro- 
duced by the same vibrating body when stationary. 
2. lIe first succeeded in actually detecting the different phases of 
vibration in the air sU'r'J.ounding a sounding body, and thereby meas- 
ured the lengths of its waves; and first experimentally explored in 
the free air tbe exact form of any wave-surface; and he has deter- 
mined the forms of these envelopes around a sounding body with 
as much facility as one can obtain the form of the surface of a pal- 
pable body in the dark. 
3. He devised a simple and accurate method of measuring the 
wave-lengths of sound in air and in gases, and was the first to meas- 
ure with precision the relative intensities of sounds by means of 
manometric flames. 
4. He first approximately determined the mechanical equivalent 
of an aërial sonorous vibration. 
5. lIe obtained in an experiment all the conditions required in 
"Fourier's theorem," and thus first gave an exact experime'ntal con- 
firmation of it. 
6. He has devised and used five new methods of sonorous analy- 
sis for the decomposition of a compound sound into its elenlentary 
simple tones. lIe also first, ?y means of a rotating disk, reproduced 
the vibratory motions of a molecule of air, when it is animated with 
the resultant action of tbe six elementary vibrations forming a musi- 
cal note. 
7. lIe first discovered, by delicate experiment, that the fibri]s of 
the antennæ of the male mosquito vibrate sympathetically to notes 
which have the range of pitch of the sounds given out by the female 
mosquito. He also showed first how an insect may determine the 
direction of sounds by means of his antennæ. 
8. He discovered that the terminal auditory nerve-fibrils vibrate 
half as often in a given time as the membrane of the tympanum and 
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the û8sicle
 of the ear, anù proposed on these facts a new hypotl)esis 
of the moùe of audition. 
9. He first discovered the law connecting tbe pitch of a sound 
with the time that the sensation of the sound endures after the air 
has ceased to vibrate the tympanic membrane. This law rendereù 
the qualitative results of Helmholtz quantitative; and in the third 
edition of IIelmholtz's "Tonempfindungen "1\lr. .Alexander J. Ellis, 
as noted above, has extensively used this law as the only Lasis for 
reaching exact quantitative results in the fundamental }}hellOmena 
of musical harmony. This law Prof. l\Iayer has applied extensively 
to the elucidation of the fundamental facts of harmony, and to 
the explanation of many obscure phenomena in the physiology of 
hearing. 
10. lIe discovered that sonorous sensations interfere with one 
another, and that, although a low fwund may entirely obliterate the 
sensation of a sound higher in pitch, yet a sound cannot in the slight- 
est obliterate the sensation of another sound lov:er than it in pitch. 
lIe has made applications of these discoveries in showing that a radi- 
cal change is required in the usual method of conducting orchestral 
music, and in a new method of determining the relative intensities of 
sounds. 
11. He has determined with great precision the laws of the vibra- 
tions of tuning-forks, especially in the direction of the bearing of these 
laws on the action of chronoscopes used in determining the yelocitics 
of projectiles. lIe first accurately gave the correction to be applied 
in all such determination on account of the different temperatures of 
the forks. 
Besides these difficult and delicate original inyestigations, Prof. 

Iayer has.contributed numerous articles to Appletons' and Johnson's 
"Cyclopædias" in his more especial lines of inquiry, and has written 
much for various popular publications. He was one of the editors 
of the American Journal of Science and Arts, but reluctantly gave 
up its duties in 1873 on account of weakness of sight. He then 
suspended work, and went to England for a vacation, where he was 
cordially received and kindly entertained by his brethren of the 
various scientific societies. 
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CORRESPONDENCE. 


FIGHT BETWEEN A TROUT AND A WA- 
TER-SNAKE. 
7b tM Editor of the Popular Science Mcmthly. 
Ir A YING read in your July number Mr. 
Buckland's account of a fight between 
a scorpion and a mouse, I am induced to 
give YOli an account of a remarkable con- 
flict between a large water-snake and a trout, 
witncssed by myself and one of my brother 
officers in tbe survey in 1867, on the Pu- 
rissima, a small trout-stream wbich emptics 
into the ocean about twenty-four miles south 
of San Francisco. We had been fishing on 
the stream, and came to a high bank which 
overlooked a transparent pool of water 
about ten feet in diameter and four feet in 
depth. This pool was fl'inged with willows, 
and had on one side a small gravel-bank. 
The trout at first sight was lying in mid- 
water, heading up-stream. It was, as after- 
ward a.8certllined, fully nine inches in length, 
a very dcsirable prize for an angler. "'hile 
studying how to cast our flies to secure him, 
a novel fisherman appeared, and so quick 
were his actions that we suspended our 
own to witness them. This new enemy of 
the trout was a large water-snake of the 
common variety, striped black and yellow. 
He swam up the pool on the surface until 
over the trout, when he made a dive, and by 
a dexterous movement seized the trout in 
such a fashion tbat tbe jaws of the snake 
closed its mouth. The fight then com- 
menced. The trout had the use of its tail 


and fins, and could drag the snake fI'Om the 
surface; wben near the bottom, however, 
the snake made use of its tail by winding 
it around every stone or root that it could 
reach. After securing this tail-hold it could 
drag tbe trout toward the bank, but, on let- 
ting go, the trout would have a new advan- 
tage. This battle was continued for full 
twenty minutes, when the snake managed to 
get its tail out of the watel. and clasped 
around the root of one of the willows men- 
tioned as overhanging the pool. The battle 
was then up, for the snake gradually put coil 
after coil around the root, with each one drag- 
ging the fish toward the land. When half 
its body was coiled it unloosed the first hold 
and stretched the end of its tail out in every 
direction, and, :finding another root, made 
fast, and now using both dragged the trout 
out on the gravel-bank. It now had it under 
control, and, uncoiling, the snake dragged 
the :fish fully ten feet up on tbe bank, and 
I suppose would have gorged him. .We 
kiUed the snake, and replaced the trout in 
the water, as we thought that he deserved 
liberty. He was apparently unhurt, and in 
a few moments darted off. That the water- 
snake of our California brooks will prey upon 
the young of trout and also snraller and less 
active fishes, I have noticed, but never have 
seen an attack on a fish so large or one more 
hotly contested. Yours respectfully, 
A. W. CHASE, 
.Å.ss.istallt U. S. Ooast Survey. 
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THE NEW YORK .AQU.ARIU.M: 
T HE devotees of rational amusement, 
the lovers of natural history, and 
t
e friends of scientific education, in 
this city, are to be cong
atulated on the 
establishment of the aquarium which 
was recently completed and opened to 
visitors. Undoubtedly the devotees of 
rational amusement are not so nu- 


TABLE. 


merous as they might be, but they will 
increase in numbers as increasing fa- 
cilities are afforded for combining agree- 
able recreation with instructive obser- 
vation in the acquisition of pleasant 
knowledge without much trouble. As 
8. means of increasing the general taste 
in natùral history, and afforùing stu- 
dents the opportunity of familiarizing 
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themselves with forms of life hitherto 
inaccessible and known chiefly in books, 
the aquarium is invaluable, and will be 
a great help in promoting the work of 
science. The museum shows us dead 
specimens, stuffed, dried, and variously 
preserved, and is of course not without 
interest. But the aquarium opens to 
us the li ving, moving curiosities and 
wonders that are nowhere else to be 
seen. .What the menagerie is to the 
creatures of the forest, the desert, and 
the prairie, the aquarium is to the 
tenants of the lake, the river, and the 
ocean. But, while land-animals bave 
long been captured and collected for 
inspection, the aquarium is 8. new and 
recent affair, involving great difficulties 
in its successful management. These 
difficulties can only be overcome at large 
expense, by persevering experience, and 
through special and thorough knowl- 
edge of the conditions of life of an im- 
mense variety of aquatic creatures. The 
opportunity such an establishment opens 
to the scientific observer, investigator, 
and experimenter, should be highly 
prized, and we have no doubt it will 
be well appreciated by this class of 
students. 
In an educational point of view, or 
as a means of popular instruction, a well- 
stocked aquarium cannot fail to be of 
the highest value. Natural history is a 
growing subject in our sohools, but is 
so generally pursued merely from text- 
books which give no real knowledge, 
that a great available museum of living 
objects is precisely what is wanted to 
gi ve reality and efficiency to this branch 
of study. The New York Aquarium 
sho.uld be brought into very close rela- 
tions with the common-school system 
of the city. Weare glad to observe 
that this element of its usefulness has 
not been overlooked in the plan and 
management of the enterprise. Pro- 
visions for study, instruction, and sys- 
tematic observation have been incor- 
porated with it, and this feature bas 
been held so important 8.8 to be placed 
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in special c1mrgo of a cultivated natu- 
ralist. Mr. W. S. Ward, who has been 
abroad this sea
on and visited the chief 
aquariums of Europe, with a view of 
acquiring information that will be valu- 
able to the scientifio management, will 
devote himself to the educational ser- 
vice of the institution. 
It is a noteworthy fact that we are 
indebted for the New York Aquarium 
entirely to private enterprise. Thero 
was talk that the city would estaLlish 
something of the kind in the Central 
Park; but it came to nothing, and, after 
the municipal fizzle over the fossil resto- 
rations undertaken by )1r. Waterhouse 
Hawkins, we may conclude that it was 
perhaps best that the city did not un- 
dertake this work. But what it was 
unable or disinclined to do has been 
projected and carried out by the per- 
severing enterprise of Mr. W. C. Coup, 
who has devoted his energy to its or- 
ganization, and risked his money upon 
his chance of success. The aquarium 
is an honor 
o this metropolis and 
promises a large benefit to the public) 
and it should be liberally patronized 
and well sustained. 'Ve have no doubt 
it will meet from all classes with the 
encouragement it certainly deserves. 


Å OASE IN MENTAL POYSIOLOGY. 
AN account comes to us of an enter- 
prising Englishwoman who was equal to 
the following exploits in sharp prac- 
tice: h By a series of the most extraor- 
dinary misrepresentations and cleverly 
carried out impostures, she raised large 
sums of money on DO security whatev- 
er, and spent them as recklessly; im- 
posed on jewelers so that they trusted 
her with goods worth many bundreds 
of pounds; furnished grand houses en- 
tirely at the expense of trusting uphol- 
sterers; introduced herself by sheer im- 
pudence to one great noblemnn "aftor 
another, and then introduced her dupes, 
who, on the faith of those distinguished 
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social connections, at once disgorged 
more money. To one person she was 
a great literary character; to another, 
of royal descent; to another she had 
immense expectations; to another, she 
was a stern religionist." 
This 
oman must have been as 
smart as she was unscrupulous. Her 
capacity of imposture was as marked 
as the deficiency of moral sense; she 
was as shrewd and long-headed as she 
was knavish. The art of her condl1ct, 
the consummate calculation, and the 
skillful adaptation of means to ends in 
dealing with others, implicate the whole 
intellectual sphere of action which was 
at the same time exempt from the con- 
trol of conscience. Yet the force of mor- 
sl considerations was implied through- 
out as she had to deal with people who 
were influenced by them, and to give 
good reasons for LeI' various claims ani] 
representations. It was a sufficiently 
obvious case of cool criminal depravity, 
and most people would have little diffi- 
culty in deciding what was to be done 
about it. But current theories of con- 
duct stop with mental effects. Mind 
being regarded as having a sphere of 
its own, and the mental world being 
beld ag an independent world, where all 
that goes on is purely psychical, there 
is no interest or requirement to look 
beyond the open manifestations of mind 
to their causes in another sphere. If 
we should say that thjs woman had 
something more than a mind, some- 
thing more than an immaterial respon- 
sible soul, that we must look deeper 
than the mental manifestations dis- 
played in conduct, that she had a brain 
made up of cells, fibres, tissues, and 
circulating blood, subject to the laws 
of nutrition, waste, and repair, debil- 
ity, degeneration, and disease, and that 
all these things must be taken into 
account as controlling conditions of 
mental effects, we should be met imme- 
diately by the cry of materialúm! And 
if we should furthermore say that these 
three or four pounds of nervous matter 


must come into consideration before so- 
ciety can proceed to decide upon such 
a case, a cry of denunciation would be 
raised against a destructive materialism 
that threatens to subvert the order of 
society. 
Nevertheless, the question of mind 
in this case was an organic problem of 
the brain, as the further facts will show. 
This woman had lived a quiet but hon- 
est and uneventful Jife up to the time 
that she suddenly struck out into her 
sensational career. A year of lying, 
cheating, and scheming practices ended 
in the development of marked insanity 
and brain-disease, when sbe was taken 
to the Royal Edinburgh Asrlum for the 
Insane, where she soon died. Tbe vic- 
tims of ber cunning and mendacity 
were simply the dupes of a lunatic, and 
the question of her character and ac- 
countability resolves itself into a prob- 
lem of brain-derangement, of morbid 
material conditions, and is therefore a 
question of practical materialism which 
the physician cannot escape. 


EVOLl:TION .AND THE COPERNICAN 
TUEOR y: 
IT is flignificant that nearly all 
the divines w llO have spoken, in reply 
to Prof. Huxley, commit themselves to 
some form of the doctrine of Evolu- 
tion. While, however, they admit that 
there is 80me truth in it, there is a 
common protest against the idea that 
it contains much truth-not by any 
means 80 much as is claimed by Prof. 
Huxley. He said that the evidence for 
it is demonstrative, and that it is as 
well based in its proofs as the Coper- 
nican theory of astronomy. This is 
thought to be quite absurd. It is said 
that Huxley may know a great deal 
about animals and fossils, but that ob- 
viously he knows very little about logic. 
His facts being admitted, a great deal 
of effort has been expended to show 
that he does not understand how to 
reason from them. 
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The Rev. Dr. Wil1iam M. Taylor, in 
sletter to the Tribune, takes up Prof. 
Uuxley on this ground, and is quite 
shocked at his logical incapacity. The 
following is a sample passage from his 
communication, and a very fair exam- 
ple, besides, of the sort of comment 
which his lectures have elicited: 


" Indeed, to affirm, as he did, that evo- 
lution stands exactly on the I!ame basis as 
the Copernican theory of the motions of the 
heavenly bodies, is an assertion so astound- 
ing that we can only' stand by and admire' 
the marvelous effrontery with which it was 
made. That theory rests on facts, presently 
occurring before our eyes, and treated in 
the manner of mathematical precision. It 
is not an inference made by somebody from 
a record of facts, existing in far-off and pre- 
historic, possibly also prehuman ages. It 
is verified every day by occurrences which 
happen according to its laws. But where 
do we see evolution going on to-day 
 If 
evolution rests upon a basis as sure as as- 
tronomy, why do we not see one species 
passing into another now, even as we see 
the motions of the planets through the 
heavens l . . . We know that astronomy is 
true, because we are verifying its conclu- 
sions every day of our lives on land and on 
sea. We set our clocks according to its con- 
clusions, and navigate our ships in accord- 
ance with its predictions, but where have 
we anything approaching even infinitesi- 
mally to this, with evolution l" 


The author of this passage is said to 
be a man of eminence and ability. That 
may be, but he certainly has not won 
his distinction either in the fields of 
logic, astronomy, or biology. When s 
man undertakes to state the evidence 
of a theory, and gives us proofs that 
equally sustain an opposite theory, we 
naturally conclude that be does not 
know what he is talking about. TI1Ís 
is very much Dr. Taylor's predicament. 
In trying to contrast the evidence for 
evolution with the demonstrative proofs 
of the Copernican theory, he cites facts 
that arc not only as good, but far bet- 
ter, to prove the truth of its antagonist, 
the Ptolemaic theory. 
Dr. Taylor talks as if the Ooperni- 
can theory is something that anybody 
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can see by looking up into the sky but 
the case is far from being 80 8i
ple. 
The Copernican them.y of the planetary 
motions assumes that they take placo 
around the sun as their centre; the 
Ptolemaic theory taught that the eartb 
is the stationary centre of the éystem, 
and tbat the sun, moon, and planets, 
revolve around it. "
e must not forget 
that the Ptolemaic theory was the fun- 
damental conception of astronomy, and 
guided its scientifio development for 
two thousand years. It was based on 
extensive, prolonged, and accurate ob- 
servations; was elucidated and con- 
firmed by mathematics-geometry, and 
trigonometry; and was verified by con- 
firming the power of astronomic pre- 
vision. The planetary Illotions were 
traced and resolved on this theory with 
great skill and correctness, elaborate 
hibles being constructed which repre- 
sented their irregularities anù inequali- 
ties, so that their future pOßitions could 
be foretold, and conjunctions, opposi- 
tions, and eclipses, predicted. It em- 
bodied a great amount of exact know l- 
edge, and was capaLle of taking in 
and preserving all the new results of 
the labors of a long series of Greek, 
Latin, Arabian, and modern European 
astronomers. .Dr. 1\hewell says of it: 
"In this sense, therefore, the Hippar- 
chian theory was a real and indestructi- 
ble truth, wbich was not rejected, and 
replaced by different truths, but was 
adopted and incorporated into evcry 
succeeding astronomical theory, and 
w bich can never cease to be one of the 
most important and fundamental parts 
of our astronomical knowledge." 
Oopernicus, then, did not abolish 
but rather revised the old astronomy. 
lie accepted the w hole system of ecccn- 
trics and epicycles, and, 80 far as plan- 
etary motions are concerned, he simply 
recentred the solar system. lie showed 
that the evidence in favor of that view 
preponderated, and bis theory Wß3 ß 
victory of refined, remote, and indirèct 
investigation. 
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Dr. Taylor tens us that the Coperni- 
can theory U rests on facts presently 
occurring before our eyes." So does 
the Ptolemaic theory; and not only 
that, but, if the test is what occurs be- 
fore our eyes, then the Ptolemaic theo- 
ry is a thousand times stronger than the 
Copernican. If the Copernican theory 
is so obvious, if it "rests on facts pres- 
entlyoccurring before our eyes," why 
did the astronomers of twenty cen- 
turies fail to discern it? Why could 
not the divines of Oopernicus's time 
see it when it was pointed out to them 
 
And why could not Lord Bacon admit 
it a hundred years after Copernicus 
 
Dr. Taylor says, "It is verified every day 
by occurrences that happen according 
to its laws." So was its opposite, the 
Ptolemaic theory. Our reverend logi- 
cian says, furthermore: "We know that 
astronomy is true, because we -are veri- 
fying its conclusions every day of our 
lives, on land and on sea. We set onr 
clocks according to its concJusions, and 
navigate our ships in accordance with 
its predictions." And all tbis they did 
with tbe astronomy that preceded Co- 
pernicus. Yet the author of this rub- 
bish airs his logical pretensions, and 
talks about the "effrontery" of Prof. 
Huxley. Where is his shame V 
The Copernican theory is held as 
demonstrably true, but it is not because 
everybody can see the demonstration. 
There was demonstrated truth in the 
opposite theory, though the proof was 
not so complete. And in regard to this 
matter of demonstration, of which so 
much is said, we have to remember that 
evidence is a thing of degrees. There 
may be evidence for a proposition 
which is so small that we hardly regard 
its truth as possible-we do not believe 
it. There is a grade of proof that amounts 
to probability, but leaves us in uncer- 
tainty. There are higher degrees of 
proof that confer assured belief, and 
leave little room for doubt. There is, 
again, evidence so perfect and decisive 
as to give certainty of conviction, and 


this we can demonstration. .And evi- 
dence may have a yet higher shade of 
intensity, as where we cannot even con- 
ceive the opposite of a proposition to be 
true, and this may be characterized by 
the frequent expression, " absolute dem- 
onstration." The best examples of 
demonstration are furnished by mathe- 
matics in consequence of the fewness 
and f!implicity of mathematical ideas, 
but demonstration by no means neces- 
sarily involves mathematics. There is 
plen.ty of demonstrated truth that is 
not mathematical. The anatomist de- 
monstrates his science by observation, 
and the chemist by experiment.Fos- 
sils found in the rocks demonstrate that 
life existed upon the globe. before the 
rocks were formed; and the vestiges 
of art found in Western mounds de- 
monstrate that a race of men superior 
to the savages formerly lived upon this 
continent. A theory is said to be de- 
monstrated when it brings all the known 
facts into agreement, explains them, 
excludes an other interpretations, and 
is consistent with itself and all that is 
understood of the ways of Nature. 
Most theories of the operations of N a- 
ture have about them traces of the 
imperfection that belongs to all things 
human, difficulties that are still unre- 
solved, while yet the evidence for them 
may be so overwhelming as to be held 
demonstrative. 
How is it: now, with the proof of 
the theory of Evolution, which as- 
sumes that the immense diversity of 
living forms now scattered over the 
earth has arisen tbrough a long process 
of gradual unfolding and derivation, 
within the order of Nature, and by 
the operation of natural laws 
 It in- 
volves and is built upon a series of 
demonstrated truths. It is a fact ac- 
cordant with all observation, and to 
which there never has been known 8 
solitary exception, that the succession 
of generations of living things upon 
earth is by reproduction and genetic 
connection in the regular order of Na.. 
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ture. The stream of generations flows 
on by this process, which is as much 8. 
part of the settled, continuous economy 
of the world as the steady action of 
gravity or heat. It is demonstrated that 
Ii ving forms are liable to variations 
which accumulate through inheritance; 
that the ratio of multiplication in the 
living world is out of all proportion to 
the means of subsistence, so that only 
comparatively few germs mature, while 
myriads are destroyed; that, in the 
struggles of life, the fittest to the con- 
ditions survive, and those least adapted 
perish. It is a demonstrated fact that 
life has existed on the globe during 
periods of time so vast as to be incal- 
culable; that there has been an order 
in its succession by which the lowest 
appeared first, and the highe
t have 
come last, while the intermediate forms 
disclose a rising gradation. It is a de. 
monstrated truth of Nature that matter 
is indestructible, and that therefore all 
the material changes and transforma- 
tions of the world consist in using over 
and over the same stock of materials, 
new forms being perpetually derived 
from öld ones; and it is a fact now 
also held to be established, that force 
obeys the same laws. All these great 
truths harmonize with each other; they 
agree with all we know of the constitu- 
tion of Nature; and they demonstrate 
evolution as a fact, and go far toward 
opening to us the secondary question 
of its method. 
The reverend writer, whom we have 
quoted, asks, "If evolution rests on a 
basis as sure as astronomy, why do we 
not see one species passing into another 
now, even as we se" the motions of the 
planets through the heavens?" To this 
foolish question, which has neverthe- 
less been asked a. dozen times by cleri- 
cal critics of Huxley, the obvious an- 
swer is, that what requires a very long 
time to produce cannot be seen in a 
very short time. Has the writer ever 
seen the production of a geological for- 
mation 
 That be has not seen the evi- 
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dences that would have prevented him 
from asking such ß question is prob- 
ably because be is not ß student of 
Nature, and has not looked for them. 
There bas been much complaint 
that Prof. Huxley undertook to put the 
demonstrative evidence of evolution on 
so narrow a basis as the estaLlishment 
of the genealogy of tho horse, but this 
rather enhances than detracts from his 
. merit as a scientifio thinker. It ha9 
been well remarked that" the genius 
of the discoverer appears in his per- 
ceiving how small a number of facts, 
rightly considered, are sufficient to form 
a foundation for ß theory." Kepler 
had to fix but a few points in the path 
of Mars, to demonstrate the ellipticity 
of his orbit, and to subvert the theory 
of circular planetary motions, bywbich 
the way was paved to the K ewtonian 
astronomy. Prof. Huxley could have 
accumulated 0. far more striking dis- 
play of the proofs of evolution for a 
popular audience, but be preferred to 
re!:!t the question on evidence that was 
none the less decisive because it was 
restricted. If the horse has been de- 
rived from preceding forms in the way 
he pointed out, then that is the method 
of Nature-unless we deny the unity 
of its order. 
And here is tIle vital point between 
Prof. Huxley and his antagonists. It 
is a question of the validity of the con- 
ception of the order and uniformity of 
Nature. Prof. Huxley holds to it as a 
first principlo, 3. truth demonstrated by 
all science, and just as fixed in biology 
as in astronomy. His antagoni
ts hold 
that the inflexible order of Nature may 
be asserted perhaps in astronomy, but 
they deny it in biology. They here in- 
voke supernatural intervention. Obvi- 
ously there are but two hypothese9 upon 
the subject, that of the genetic derivation 
of existing spocies, through the opera- 
tion of natural law, and that of creation 
by miraculous interference with the 
course of Nature. If we assume the 
orderly course of Nature, development 
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is inevitable; it is evolution or nothing. 
If the order of Nature is put aside and 
special creation appealed to, we have a 
right to ask on what evidence
 It 
was long maintained that the universe 
was made in a week, by a quick succes- 
sion of divine fiats. This view is now 
abandoned, and it is maintained, as a 
new theory, that the millions of species 
which science has proved to have ap- 
peared all along the course of geological 
time were also the products of miracuT 
lous agency. But, as logic has be
n ap- 
pealed to, we again press the question, 
on what evidence i There is no evi- 
dence. There is not a scintilla of 
proof that can :nave a feather's weight 
with any scientific mind. Weare told 
that each link in the chain of ancestry 
of Prof. Huxley's horse was a special 
creation. But who tells uS this, and what 
do they know about it i Genetic deriva- 
tion is in the field as a real and undeni- 
able cause; but what possible ground is 
offered for the alternative supposition i 
lIas anybody ever seen a special crea- 
tion i Do those who believe in it repre- 
sent to themselves any possibility of how 
it could have occurred i 
1ilton at- 
tempted to form an image of the way 
the thing was done, and says that the 
animals burst up full-formed and per- 
fect like plants out of the ground- 
"the grassy clods now calved." But 
clods can only calve miraculously. N a- 
ture does not bring them into the world 
now by this method, and science certain- 
ly can know nothing of it. So far from 
being possible, so far from being prob- 
able, so far from being proved, this 
hypothesis of the origin of animal forms 
is simply unthinkable; it is a violation 
not only of the order of Nature, but of 
the very conditions of thought. From 
this point of view, therefore, the theory 
of evolution differs from the Copernican 
theory by having no alternative pO'3si- 
bility. The Copernican theory was but 
the revision and modification of a pre- 
ceding theory which had evidence in its 
favor, and could be rationally held by 


scientific minds; the evolution theory 
has a force of demonstration derived 
from the fact that the only alternative 
view cannot for a moment be enter- 
tained by any mind that recognizes the 
logical force of scientific evidence; in 
this respect, tllerefore, the evidence for 
evolution is even stronger than that for 
the Copernican theory. 
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THE THEORY OF SOUKD IN ITS RELATION TO 
MUSIC. By PIETRO BL.ASERNA, of the 
Royal University of Rome. 'Vith nu- 
merous Illustrations. Pp. 187. Price, 
81.50. International Scientific Series, 
No. XXII. 


KOTHIKG could be more appropriate 
than that the first Italian contribution to 
the" International Scientific Series n should 
take up one of the most interesting relations 
of science to art. Italy has been long pre- 
eminent as the land of arti
tic genius, al- 
though her distinction has been chiefly 
won by cultivating the arts that appeal to 
the eye-painting, sculpture, and architect- 
ure. Germany leads in the modern devel- 
opment of musical art, and her great physi- 
cist, Helmholtz, stands first as the elucidator 
of the laws of sound applied to musical sci- 
ence. But the great work of Helm bo1tz is 
a sealed book to tbe people. Prof. Blaser- 
na has been first to take the brilliant re- 
sults of recent acoustical progress and ap- 
ply them to musical art and theory in so 
clear and familiar a manner that common 
readers will follow him" ith ease and pleas- 
ure. 
The work is addressed both to scientific 
students and to musicians, but it is proper- 
ly a contribution to the science of music. 
It does not at aU cover the ground of Prof. 
Tyndall's volume on "Sound," which is 
strictly a text-book of acoustics, but, start- 
ing with so much of acoustical principles as 
is necessary for his purpose, Prof. Blaser- 
na devotes the work to those scientific 
elucidations of musical art and practice 
which will have the greatest interest to 
tho
e concerned in musical study. 'Ye 
cannot better give account of the volume 
than by quoting freely from tbe admira- 
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ble revicw of it that has just appeared 
in the Lonùon Lancet. The writer says: 
"This work is an attempt to popularize the 
thcory of music, and so to combine the the- 
oretical with the practical study of this 
art that instrumentalists may obtain some 
knowledge of those fundamental laws of 
sound on which music is based. 'Yith this 
objcct in view Prof. BIaserna commcnces 
his treatise by explainin
 the laws of vibra. 
tions of strings and pipes, and shows how 
such vibrations may be measured j he then 
explains the theory of music in reference 
to the consonant and dissonant intervals, 
pointing out how the various ratios in the 
octave have been introduced, together with 
the nature of the perfect major and mi- 
nor chords, the inversion of which, he ob- 
serves, constituted the principal resource 
of Palestrina and of the composers of his 
school. This leads him to speak of dis- 
sonances, and of the nature of the musi- 
cal scales. An exceedingly interesting ré- 
sumé is then given of the history of music 
from the earliest period to the present day. 
In the music of all nations, Prof. Blaserna 
remarks, two unfailing characters are found 
-rhythmic movement and procedure by 
determinate intervals. The former apper- THE R.ACES OF MAS AND THEIR GEOGRAPHI- 
f b CAL DISTRJBUTIOS. 13y OSCAR PESCHEL. 
tains to many of the actions 0 man, ut Translated from the revised German edi- 
the second belongs exclusively. to music. tion. New York: D. Appleton & Co. 
The instrument of Orpheus, however pow- I Pp. 528. Price, S:!.:!3. 
el'ful its effects may have been in rendering THE students of ethnology are to be COD- 
inanimate objects I sequacious of the lyre,' gratulated on the appearance in English of 
. was but a poor instrument, consisting only this admirable manual of ethnological and 
of the following four notes: C, F, G, and ethnographical science, which has for Fome 
the octave C. It is remarkable that this years and in its successi\"e editions been a 
scale contains the most important musical standard in Germany. While the work is 
intervals of declamation, the voice rising a full and systematic, it. is at the same time 
fourth in making an interrogation, another compact and convenient for readin
, be- 
a fifth higher in emphasizing a word, while ing a happy medium bet\\ een the bulky 
in ending a story it falls a fifth. In speak- and formiùable treatise, and the deficient 
ing of Greek music he explains the diffel.- anù unsatisfying compend. Dr. Peschel's 
ence between the Pythagorean and the work has the gre.at merit of being up to 
modern scale. The :lnci('nt Scotch and Chi- date in the presentation of an extensive 
nese scale, in which an enormous number and rapidly-deyeloping branch of science, 
of popular songs are written, consists of a and of dealing fully with those recent and 
succession of fifths, B/, F, C, G, .D. highly-important questions concerning the 
"The inventor of the modern system 
cience of man which ha\ e come forward 
of musical notation was Guido d'Å
ezzo, into such prominence in our own generation. 
and by him and Jo!'\quino and Orlando Tas- The book is CJl.aetlywhat readers of gcnrn,1 
so polyphonic music underwent great de- cultivation require to inform themse1
,'
 
velopment. Thcn came t1)e Reformation, upon a subject of great mom
nt, and 
 hlCh 
and church music was greatly simplified to is occupying the close attentiOn of thmkl'r:t 
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enable the whole congregation to join in it. 
An elaborate discussion of the characters 
of the major and minor scales succeed!!, 
with an account of the effects of transpo- 
sition. The temperate scale in common 
use is then explained, and it:3 imperfections 
are declarel! to be so manifest tbat the au- 
thor expresses a hope it will eventual1y he 
abolished. It is, in fact, only maintained 
by the piano-forte, which is essentially the 
instrument of the temperate scal(', anI! the 
defects of wbich have greatly tended to 
obscure pure melody. The quality or timbre 
of musical sounds, both vocal and instru- 
mental, is then referred to, anI! the methods 
of investigating the vibrations are giv('n, 
as well as the laws of harmonics and 
chords. Finally, Italian anI! German music 
are compared. The influence of Paris on 
music, though the }'rench have never been 
cI.eators, is defined as insisting on the crea- 
tion of a type of musie which should con- 
tain the good points of the German and 
Italian schools without their exaggerll.tioD. 
It bas maintained the Italian melody and 
song, but has also adopted the grand choral 
and orchestral movements of Germany." 
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in all nations ; am} it will al
o ùe of a special I from a report made by a committee which 
value to the scientific students of ethnology, took its observations in the summer of 
not only for the breadth and care of its 1836. Geology was then a science in a 
discussions, and the immense amount of in- preliminary stage of development, and the 
formation condensed in its text, but also application of the existing knowledge was 
for the copious wealth of its references to impeded by ignorance of the general out- 

he literature and authorities of the sUb- I lines of the country. Paleontology was in 
Ject. much greater ob:5curity, and it is natural 
No just idea of its broad range of inter- that the report of that period should .seem 
esting topics pertaining to the nature, char. imperfect at the present time. 
acters, habits, and diver:5ities of man, can In March, 1869, the Legislature passed 
be conveyed in a brief notice of tbe work. a bill authorizing a complete survey of the 
But, as its materials are derived from the Sta.te by a committee of competent men. 
most instructive portions of history, from In addition to a minnte geological investi- 
the descriptions of races furnished ùy trav- gation, they were to make a careful chemi- 
elers, from wiùe geographical observation, cal analY:5is, including a c1a:;sification of 
and from the various sciences which illus- the various soils, and the best means for 
trate the constitution of man and his inter- promoting their utility; and were to take 
course with surrounding K ature, the facts observations to determine the local causes 
brought forward have a very wide diversity producing variations of climate, etc. 
of interest, so that we caunot dip into the The officers appointed were Prof. J. S. 
volume anywhere without becoming quickly Kewberry, chief geologist; Edward Orton 
absorbed in the question under consideration. J and E. B. Anùrews, assistant geologist
; T. 
The book is divided into two parts. In G. 'Yormley, chemist; F. B. Meek, paleon- 
the introduction to the first part the author tologbt, besides a number of local assist- 
devotes himself to the question of man's ant!'. They entered upon their work June 
place in creation, of the unity or plurality 1, 1869, and finished it June 1, 1!:;74, at a 
of the human race, of the place of its origin cost of $256,000, including the publication 
and the problem of its antiquity; then fo]- of four volumes of repol'Ìs. For rapidity 
lows a series of disquisitions on the phy:ö:i- of action, thoroughness of results, anù 
eal characters and the linguistic characters moderation in tbe expense, this survey con- 
of man, and the industrial, social, and re- trasts mo:,;t favorably with those made in 
ligious phases of his development. The other States. Thus far there have been 
second part is descriptive of the races of publi
hed two volumes on geology and two 
mankind, which are taken up in their lead- on paleontology, with maps of some of the 
ing divisions, and in their geographical dis- counties. In the volumes on paleontology 
tribution, and considered with as much de- there are a large number of plates and il- 
tail at; the limits of the work will allow. The lustrations, which are admirable specimens 
book, of course, has nothing like the com- of careful work and beauty. Ohio is rich in 
prehensiveness or stdctness of method and fossil remain
, having contributed largely 
classification that charactcrizes Mr. Spencer's to the cabinets of other State:;, and this ia 
great work, "Descriptive Sociology;" 1101' the first occasion on "hich they have been 
has it the depth and completeness ofallalysis presented to the public. The plan of tho 
of social phenomena that mark the h Prin- I corps was to pub]h:h six volumes, two on 
ciples of Sociology" by the same author; , geolof!:y, two on paleontology, one on eco- 
but, as a ré.
umé of the subject in a single nomic geology, and one on zoölogy, botany, 
handy volume, we bave {>J'obably nothing and agriculture. 1'he last two volumes 
so good in the language. have not yet been published, though the 
work of composition is far advanced. 
Surveys had been made previous to this 
one in many of the other States, which 
presented discrepancies that had given rise 
to much bitter discus<;ion. It was, there- 
fore, of importance that Ohio should be 
thoroughly explored, as it formed the key- 


REPORT OF THE GEOLOGICAL S1JRVEY OF OHIO. , 
Published by authority of the Legisla- 
ture of Ohio. 4 vols. Columbus:.K ev- 
ins & Myers, State Printers. 
THE first geological information obtained 
concerning the State of Ohio 
as derived 
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stone in the arch reaching froIll the A11e- 
ghanies to the Mississippi, and offered the 
probable means of solving the pf'I'plexing 
difficu1ties. 
According to Prof. Newberry, "the to- 
pographical features may be described as 
those of a plain slightly raised along a line 
traversing it from northeast to southwest 
and worn in the lapse of time by the drain
 
ing streams into broad va)]eys, which im- 
part a pleasing variety to the surface, af- 
ford free and healthful drainage, and yet 
leave unimpaired all the productiveness of 
its original monotony; in fact, exhibiting 
perhaps the most perfect adaptation to the 
wants of man which any surface affected 
by such climatic influences can present." 
'fhe climate is one of extremes. The soil 
over much more than half the State is of 
foreign origin, being transported by Drift 
agencies frequently from a great distance. 
The physical substructure is not simple like 
the surface, but is diversified in different 
places, both as to the number, character, 
and thickness of the strata, and the position 
which they occupy relative to each other 
and to the horizon. The coal-measures 
underlie the surface of the southeastern 
third of the State, there being an aggregate 
of about 12,000 square miles Over which 
the coal is unequally distributed. An the 
coals are classed as bituminous, and are 
divided into dry or furnace coals, coking- 
coals, and cannel-coals, by far the greater 
portion being of the coking variety. It is 
proposed to discuss the distribution, quali- 
ties, and uses of the coals in the volume on 
economic geology. 


M.ANUAL OF THE VERTEBRATES OF THE XORTH- 
ERN UNITED STATES, includin
 the Dis- 
trict cast of the Mississippi River and 
north of North Carolina and Tennessee, 
exclusive of Marine Species. By DAVID 
STARR JORDAX, Y. S., :U. D., Profp-ssor of 
Xatural History in N. 'V. C. "Gniyersity, 
and in Indiana State Medical College. 
Chicago: Jansen, McClurg &, Co. 12mo, 
pp. 34:t Price, $2.00. 
TIlE object of this work is to facilitate 
the classification of vertebrate animals by 
means of artificial keys, such as have 
been used in the study of botany. It has 
been prepared for the use of collectors and 
students who are not specialists, and has 
been compressed within the narrowest lim- 
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its in ordcr to render it as cheap a hand. 
book as possible. There are descriptions 
of 817 species, representing 116 families. 
It is the only work containing arranfJ'ed de- 
. . b 
scnptlOns of the reptiles and fresh-water 
fishes of this country. 


THE CENTESNIAL 
ITt:iATlUN OF \\T OMAN. A 
Commencement Address at Mount Hol- 
yoke Seminary, by lion. ALEXA
m:R 
BULLOCK. Charles Hamilton, W orces- 
tel', Massachusett
. l'p. 45. 
GOVERXOR BULLOCK made an eloquent 
speech to the South Hadlcy ladies, but 
whether he was quite equal to the occa&ion 
may be a question depending upon the view 
taken of the duties of such an opportunity. 
Some [liay think that, in reviewing a hundred 
years of progress in public or social affair:>, 
it is most suitable to t
ke notc of " hat has 
been gained; to dwell upon the triumphs, 
the causes of congratulation, and give in- 
dulgence to the more complacent feelings. 
Others may regard it as the most fitting 
time to be on our guard against this ever- 
besetting tendency, the time to survey close- 
ly and critically the position that has been 
reached, to sift current claims, to look 8harp- 
Iy after mistakes, and utilize an impressive 
occasion to forecast the best course of action 
for the future. Governor Bullock took the 
most agreeable alLernative, and discoursed 
pleasantly, and with commcndable gallantry, 
of what woman has done to improve her 
condition in varions ways, and what civili7a- 
tion has accomplished for her in further- 
ance of the same end. lie points out the 
progress that woman has made toward the 
independence of sel
dependence through 
the opening to her of modern industries; 
sketches the changes that ha,.e taken place 
in the recognition of her civil rights; and 
dwells upon th
 great advance that has 
been made in the work of female cIc,.ation, 
and in openi,ng to woman a wiùe opportuni- 
ty in the vocation of teaching. He touches 
lightly the vexed question of the intellect- 
ual equality of the sens, saying it has been 
settled that there is no question at all 
about it, and deftly quotes a woman-Mrs. 
Jameson-as e'l:pressing the opinion that 
" the intellect of woman bears the same rela- 
tion to that of man as her physical organi- 
zation; it is infcrior in power and differ- 
ent in kind. In men the intellectual farul- 
o 
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ties exist more seif - poised and self-di- 
rected, more indepcndent of the rest of the 
character, than we find them in women, 
"ith whom talent, however predominant, 
is in much g1'eater degree modified by the 
sympathies and by moral causes." The 
Governor evades the question of suffrage 
for woman, but is adverse to her participa- 
tion in public affairs. He cites Franklin as 
saying that "women should not meddle 
with party politics, except in the endeav- 
or to reconcile their husbands, brothers, 
and friends, who happen to be of contrary 
sides;" and he reminds the listening la- 
dies of the pleasantry of Addison, who re- 
marked: " There is nothing so bad for the 
face as party zcal. It gives an ill-natured 
cast to the eye, and a disagreeable sourness 
to the look; besides that, it makes the lines 
too strong, and flushes them more than 
brandy." 


THE KI
EMATlCS OF 
fACHIXERY: Outlines 
of a Theory of .Machines. By .F. REU- 
LEAUX, Member of the Royal Trade 
Commission. Translated and eùited by 
ALEXANDER B. \V. KESSEDY, C. E., Pro- 
fessor of Civil and .Mechanical Engi- 
neering in University College, London. 
\Yith numerous Illustrations. London: 
Macmillan & Co. }>p.622. Price, 
7.50. 
THE number of inventions during re- 
cent years has been so great that it is 
almost impossible to classify the different 
machines, 01. to observe .any regular sys- 
tem connecting them. This country pos- 
sesses no sJstematized instruction or ex- 
tended literature in regard to machin- 
ery, and, although it has been peculiarly 
J'ich in inventions, the results would un- 
doubtedly have becn more satisfactory if 
they had been effected according to an ar- 
ranged method. In this book the theoreti- 
cal part of machinery alone is treated. The 
au thoI' attempts to give a thor
)Ugh uuder- 
standing of its essential nature, by which 
p1.oblems previously unsolvable may be made 
clear, and by which greater. practical results 
may be reached. In his own words, his 
pnrpose is II to detErmine the conditions 
which are common to all macbines in order 
to decide what it is, among its great variety 
of forms, that essentially constitutes a ma- 
chine. . . . The book is intended, not so 
much to add to the positive knowledge of 


the mechanician, as to iner('ase his under- 
standing of what he aIt.eady knows, so that 
it may become more' thoroughly his OW11 
property.' " In the old books, eaeh ma- 
chine was taken up as a whole, and treated 
by itself. But, as it was discovered that 
similar parts occur in different machines, 
the method continually grew more simple. 
Prof. Reuleaux endeavors to place the sci- 
ence in a position in which it may become 
deductive, and ill which the study may de- 
pend upon a few fundamental truths. 'Vith 
him, motion is but a change of position, 
and the changes are conditioned simply by 
the geometric form of the moving bodies. 
In this volume fluids also take their 
place as forming a part of machinery, and 
instances arc given in what forms engineers 
may use them to the greatest advantage. 
The work, which was written in German, 
has bGen published in Italian, and is now 
being translated into French. 


THE ETHICS OF BENEDICT DE SPIKOZA. From 
the Latin, with an Introductory Sketch 
of his Life anù \Vritings. New York: 
Van Nostrand. Pp.375,. Price, $3.00. 
THIS volume has a peculiar interest in 
being the first American translation of tbe 
":Ethics" offered to tbe public. As it has 
been preceded by only one English transla- 
tion, the book will supply a want in this 
country, and meet the demand of those who 
desire to obtain a clear idea of Spinoza's 
philosophy. The object which Spinoza had, 
in developing his system, was to di
cover 
certain rules by which he might govern his 
own actions. To accomplish this, he be- 
gins with a number of definitions and axioms 
from which his principles are evolved in 
regular geometrical order. The work is 
divided into five parts. In the first part is 
set forth his conception of God-an ab- 
solutely Infinite Being or substance, without 
beginning or end, and causa S1tÏ. K othing 
can be thought of outside of God, and 
everything which exists does so through 
God. In the second part are treated the 
origin and nature of the human mind and 
soul. In the third, fourth, and fifth parts, 
an investigation. is made of the passions, 
their causes and effects, their force and the 
manner in which they should be gO\-erned. 
The enù arrived at is, that the pleasures of 
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sense and intellect should balance each 
other, and in this manner the greatest hap- 
piness be secured. Thus, by a different 
process of reasoning, he arrives at a result 
similar to that reached by the ChriRtiau re- 
ligion. Whatever may be thought of this 
as a religious or logical sy:;tem, yet, takcn as 
a whole, it is a work of the purest momlity. 
The" Ethics" is the product of the reason- 
ing powers and not of the imagination. Its 
general style and literary character are at 
great variance with the smooth disquisitions 
of modern times, but, if these mechanical 
effects are overlooked, the thoughtful read- 
er will find the truths as new and striking 
as when they were first written. 
In the preface is given an outline of the 
author's life, with the effect produced by 
his writings. The translation has been 
made with care and skill, aud differs from 
the English translation in being somewhat 
more concise, while it is at the same time 
equally clear. 


COMPARATIVE ZOÖLOGY, STRUCTURAL AXD 
SYSTEMATIC. For () se in Schools and 
Colleges. By JA
[ES ORTOS, A. 'r., Pro- 
fessor of N aturaillistory in Vassar Col- 
lege; Corresponding. 
[ember of the 
Academy of Natural Sciences, Phi1adel- 
phia, and of the Lyceum of X atural 
History, New York; author of II The 
Andes and the Amazon," etc. Xew 
York: Harper &. DI'others, 1876. Price, 
83.00. 
THIS volume, as we al'e informed by 
the author in the preface, is "designed 
solely as a manual for instruction, and to 
present clearly, and in a somewhat new 
form, the established facts and principl<,s 
of zoölogy." It is claimed for it " that the 
selection and arrangement of essential 
principles and typical illustrations are from 
the standpoint of the teacher. . . . and 
that a distinctive character of the work 
consists in treating of the whole animal 
kingdom as a unit, and in the comparative 
study of the development and variation of 
organs and functions from the simplest to 
the most complex state." 
The work is divided into two parts, the 
first of which treats of structure, the sec- 
ond of systematic zoülogy, the plan of the 
autbor being to withhold from students 
the study of the classification of animals 
until" they have mastered those structural 
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affinities Gpon \\ hich true cla

ification is 
founded." 
In .f)oth dh'i
ions of the work the syn- 
thetic method is employed, as being tho 
most natural one, a study of siruple struct- 
ures and forms being first introduced. 
The plan of the work is comprehensive, 
and claims to represent t!te latest phases 
of the science of zoülogy. Comparative 
zoülogy is defincd as "the comparison of 
the anatomy and ph)8iology of all animals 
existing and extinct, to disco-çer the funda- 
mental likeness underneath the superficial 
differences, and to trace the adaptation of 
organs to the habit;; and spheres of life." 
The st)'le is usually clear and attrac- 
tive, and the book may be rcad \\ ith in- 
tere:,t and profit by others than teachers 
and students. But we notice some passages 
which are obscure from brevity, others 
from inad-çertence; and there are several 
inaccuracies, all of which it will be found 
more easy to correct in a second edition 
than it was to avoid in the first. 
One feature of the work will neither be 
overlooked nor excused by naturalists. Of 
about 350 illustrations, a very large num. 
ber, probably 300, arc old, and have done 
service several times before. If some of 
these cuts Ilre excellent and appropriate, 
others could have been omitted without 
detriment, while new ones illustrating 
Âmerican types are needed. 
The value of the work is enhanced by 
copious notes, 2
O in number, at the close 
of the volume. 


,y HAT Y OUSG PEOPLE sHOUJ.Ð KSOW. The 
Reproductive .Function in 'Ian Ilnd the 
Lower .Animals. Bv BURT G. WILDER. 
With Twcnh.-six III
:;trations. Buston: 
Estes & Lauriat. I)p. 212. Price, 
81.50. 
PROF. "
IWER, being convinced that 
there are greater evils caused by i
orance 
of the legitimate and iIIe,ritimate U:.e8 of 
the reproductive or:ran8 than by the per- 
version of any other human propensity, has 
"ritten this book to di:,pel the ignorance. 
If there were real knowh.>dge upon such 
subjects, he thinks there would be no ex- 
erc'ise of the ima
ination in rE',rard to them. 
Few" ill agree with him in this idea, how- 
ever excellent his work may be as a physio- 
lo
dcal treatise for the 
'OUllg in this 
pecial 
bmJ1('h. 
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PRACTICAL BOTANY, ::-;TRUCTURAL AND SYS- 
TEMATIC, ETC. By AUGUST KOEHLER, 
M. D., Professor of Bot.any in the Çollege 
of Pharmacy of the City of New York. 
Copiously illustrated. 
 ew York: Hen- 
ry Holt & Uo. 12mo, pp. 400. Price, 
$a.oo. 
THE author, believing that" the study 
of botany cannot become truly profitable 
until a number of plants have been identi- 
fied by the student, and their images re- 
ceived into his memory," has constructed 
a book which is an artificial key to "stimu- 
late the unlearned," and act as a labor-saver 
to those already somewhat acquainted with 
the science. It departs from the ordinary 
system of classification, in being arranged 
according to the old dichotomal method. 
The natural tendency of this might, perhaps, 
be to suggest names rather than the asso- 
ciation of principles. Those, however, who 
are desirous of rapid action, and speedy re- 
sults, will find here a book for their pur- 
pose in a neat and convenient form. 


THEORY OF MEDICAL 
(,Ii:NCE : The Doctrine 
of an Inherpnt Power in Medicine a 
Fallacy. The Ultimate Special Proper- 
ties of Vitality and the Laws of Vital 
Force constitute the Fundamental Basis 
of Medical Philosophy and Science. By 
WILLIAM R. DUNHAM, M. D. Boston: 
James Campbell. Pp. 150. Price, $1.25. 
'rHE title-page spe
ks for itsc1f, and in- 
dicates the theory on \\ hich this book was 
written. The work was published with the 
hope that it might recover the "funda- 
mental principles involved iu a correct the- 
ory of medical science," assist the profes- 

ion in the details of practice, and enable 
the non-professional to distinguish between 
quackery and rational practice. The au- 
thor finds fault with the medical profession 
because it continues to follow the ancient 
interpretations of the science, but seems 
unwilling bimself to adopt tbe results of 
those who are doing most for the further- 
ance of correct principles in regard to 
mind and body. 


CALIFORNIA NOTES. Bv CHARLES B. TUR- 
RILL. San Francisco: Bosqui & Co. 
Price, $1.50. . 
THE " Notes" is a desCl;iption or guide 
through different sections of California, in 
which the author conducts his readers to 
the places visited by him. Among the 


subjects represented in the book are, U San 
Francisco," "Into the Heart of the Foot- 
Hills," " Calaveras County," " Gold.:Mines," 
" The Y ospmÏte V a]]ey," etc. This volume 
is the initial number of a series. 


ELEMESTS OF PHYSICAL MANIPULATION. By 
EDWARD C. PICKERING, Thayer Profess- 
or of Physics in the Massachusetts 
Institute of Technology. Part II., 
pp. 316. Price, both parts, $4.00. 
THIS second volume, like the first, is 
desib'1led as a special text-book for the lab. 
oratory. The text is made up principally 
of experiments, giving a description of the 
instruments to be used, and a plan of what 
is to be done. Among the subjects dis- 
cussed are "Electricity," "
Ieteorolog)" ,n 
and "Astronomy." The latter is a new 
feature in laboratory practice, but there is 
no reason why it should not be taught 
practica}]y, as well as chemistry or physics. 


PUBLICA TIONS RECEIVED. 


The Religion of Evolution. By 
L J. 
Savage. Pp. 253. Boston: Lockwood, 
Brooks & Co. Price, $1.50. 
The Symbolical Language of Art and 
)Iytholog:y. By R. P. Knight. Pp. 267. 
Ncw York: J. 'V. Bouton. Price, 83.00. 
Essays on Mind, Matter, Forces, etc. 
By Charles E. Townsend. Pp.404. New 
York: Somerby. 
Chemin Coarctata. By A. H. Kollmyer. 
Pp. 111. Philadelphia: Lindsay & Bla- 
kiston. Price, 82.25. 
Matter and Force. By J. K. :Macomber, 
Pp. 100. Ames, Iowa: Agricultural Col- 
lege print. 
Ancient Pagan and Modern Christian 
Symbolism. By Thomas Inman, 1\1. D. Pp. 
187. New York: Bouton. Price, $3.00. 
Elementary Hand-book of Applied Me- 
chanics. By'Y. Rossiter. Pp.150. New 
York: Pntnams. Price, 75 cent!'!. 
Elementary Hand-book of Theoretical 
Mechanics. Pp. 146. Same author and 
publisher. Price, 75 cents. 
Geological Survey of Indiana (1875). 
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By E. T. Cox. Pp. 6no. Indi.anapolis 
Sentinel print. 
Public Libraries in the United States. 
Part 1., pp. 1222; Part II., pp. SU. 'Ya:oh- 
iugton: Government Printing-Ollice. 
Essays in Literary Criticism. By R. H. 
lIutton. l'p. 34-:1. Philadelphia: J. II. 
Coates. Price, $1.50. 
Vaccination as a Preventive of Small- 
pox. By W. C. Chapman, 1ft D. Pp. 9l. 
Toledo, Ohio: .Brown & Faunce. 
German and American Brcwcr:s' Journal. 

emi-mo!ltlJly. $=>.00 per year. Bt'ewers' 
I)ublishillg Company, 
o Park Place, 
 ew 
Yol'!{. 
On Cephalization. By James D. Dana. 
Part V., pp. 7. From ..American Journal of 
Science and Arts. 
Report of the Condition of the Academy 
of Natural Sciences of Philadelphia. By 
'V. S. \V. Russhenbel'ger. Pp. 56. Phila- 
delphia: Collins print. 
Essential Piety of Modern Science: a 
Sermon. By J. W. Chad\Vi
k. l'p. 31. 
New York: Somerby. 
Surface Drainage of the Metropolitan 
(Boston) District. By C. W. Folsom, C. E. 
Pp. 4. Fl'Om Report of Massachusetts 
Board of Health. 
A List of Orthoptera. By Dr. Cyrus 
Thomas. Pp, 20. From Proc. D. A. 
. S., 
vol. i. 
American Libl.ary Journal. Jlonthly. 
Pp.27. $5.00 per year. Kew York: Lt'Y- 
poldt. 


MISCELLANY. 


Uistribntion of Plain, Prairie, and For- 
('st.-In the American Naturalist for Octo- 
ber, Prof. J. D. 'Vhitney gives a very elab- 
ora[e critique of the various hypotheses 
which have been put forth to account for 
the distribution of plain, prairie, and forest, 
over the North American Continent. The 
author has no theory of his own to offer, 
but he appears to show conclusively that 
none of [he accepted theories can be re- 
garded as satisfactory. One of the theories 
examined by Prof "Yhitney is that which 
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attributes the exiatcnee of forest, prairie, or 
plain, to the distribution of rainfall through- 
out the year, or from Sf'a!'iOn to seaSOlJ. As 
stated by the late J. W. .Foster, thiil theory 
holds that" wherever the mob,ture is equa- 
ble and abundant, we have the densely- 
clothed forest; wherever it is unequally dis- 
tributed, we have the grassy plain (prairie) ; 
and where it is mostly withheld, we have 
the inhospitable dcsel't." This last propo- 
sition Prof. Whitney admits, the other t\\O 
he pronounces erroneous. He cites the 
vicinity of Chicago, where Mr. Foster lived, 
in proof of the incorrectness of th.lt author's 
views. " Here," says Prof. \rhitney, "we 
have the finest prairie-regions in the world, 
absolutely destitute of trees, and Jet in the 
fuJI enjoyment of an abundant precipitation, 
and in the immediate vicinity of an immense 
sheet of water. .1<'01' Chieago itself, indeed, 
the statistics of rainfall are very defective, 
but, such as they are, they are entirely un- 
favorable to )11'. Foster's hypothesis. Points 
in the immediate vicinity of that city, where 
observations have been taken for a series 
of years, show an average rainfall of thirty- 
six to fifty inches, pretty uniformly distrib- 
uted through the year. An excel1ent in- 
"tance, On the other hand, of a dense growth 
of tt.ees combined with the most unequally- 
distributed rainfall which is possible, is 
furnished by the western slope of the Sierra 
Nevada, in California, whose magnificent 
forests are well known, as also is the fact 
that there is no precipitation there at aU 
for six months of the year, nearly the 
whole of the rainfall being limited to three 
months. And. lest it may be thought that 
reeiting snow keeps the 
rouDd mobt during 
the summer, it may be added that the hea,.i- 
est forest-belt of the Sierra is quite below 
the line above "hich snow rests for any 
considerable timp, and that the soil in that 
belt is usually perfectly dry at the surface, 
and even dusty, for six months of the year, 
and often much more." 


Elcftrlfal Phenrmflm ('XhibHfd by \ r- 
nns's Fly-Trap.-The electrical phenom- 
ena e"íhibitcd by Dionæa mmcip"la hit ve 
been investigated by Dr. Burdon-Sander- 
son, who finds that normally the whole leaf 
with the petiole is somewhat negative, but, 
when excited by a stimulus, an electrical 
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change takes place throughout, making 
every part more negative. The greatest 
change is on the external surface of the 
leaf, immediately opposite to the three sen- 
sitive hairs. There is no relation between 
the preëxisting cmrents and the electl'ical 
disturbance consequent on stimulation. The 
period of latent stimulation (i. e., the space 
of time occupied by the primary action of 
the stimulus) is about one-sixth of a sec- 
ond. The period during which the.àisturb- 
ance lasts is about one second. As the 
leaf becomes fatigued, the period of latency 
increases to one spcond and three-quarters, 
anù then most likely the next stimulation 
produces no effect. The change appears to 
be a function of the protoplasm of the paren- 
chyma of the region out of which the sensi- 
tive hairs arise. Certain of the characters 
of the change are sintilar to those presented 
by muscle and nerve. 'Yhy the variation 
should be a negative one, Dr. Sanderson is 
unaùle to .determine. 


New Sl1ell
 from (olorado. - In the 
extensive and remarkable display of nat- 
ural-history objects brought to the Centen- 
nial Exhibition by Mrs. M. H. Maxwell, of 
Boulder, Colorado, was a box of land and 
fresh-water shells. These ha"e bcên ex- 
amined by Mr. Ernest Ingerson, who made 
careful studies of the Rocky Mountain mùl- 
lusks in connection with the United States 
Geological Survey in 1874, and su:nmarized 
his results in an article printed in this 
magazine for May, 1876. Boulder is at the 
mouth of Boulder Cañon, several miles 
northeast of Denver, at an altitude of about 
5,530 feet above the sea, and on the east- 
ern slope of the main range, where hereto- 
fore no shells had been found. The list 
includes Zoniles arborcus, Z. fulvus, Patula 
Cooperi (living, and very dark and fine), P. 
st1.iatella, Helix pulehella, Cionclla subeylin- 
driea, Ve1.tigo -? (very minute), Sue- 
cinea lineata, S. J\
ltttalliarw, Limnea palus- 
tris, L. desidiosa, L. humilis, Physa httero- 
stropha, PI anorõis bicarinalus, P. lumens, 
Helisoma plexata, G.ljranlus parvus, Aney- 
ZIl8 --?, Goniabasis liveseem, G. pulehella, 
Spltæ1.ium sf1.iafinum, Pis.idium abditum, 
and an anodon hardly identifiable. 
The collection is remarkable, as coming 
from the eastern slope of the range, and 


embracing some unexpected species from 
east and west. As usual, the PlLysas are 
Protean in form, and one can make half a 
dozen "species" out of thpm, if disposed. 
Some of them are well-marked "luflata." 
Both the planorbs are reported for the first 
time from Colorado. P. bicarinatus is a 
weU-known Eastern shen; P. tr..,mens has 
hitherto been supposed to be confined to 
Northern Mexico and Southern California. 
The Helisoma is a new form, discovered by 
Mr. Ingersoll in an isolated mountain-lake 
in the southern part of the State, and :Mrs. 
Maxwell finds it at Boulder in a similar sit- 
uation. Both the .JIelanian
 and the Spltæ- 
rium are additions to the fauna of the 
State, and the .Anodonta will probably 
prove to be undescribed. )1l's. Maxwell 
proposes to search still more carefully w)len 
she returns, and further information on the 
geographical distribution of our mollu:oks 
in the mountainous territories may be ex- 
pected from various other quarters where 
research has been stimulated by the curious 
results already brought out. Colorado seems 
to be a meeting-ground for mollusks from 
all directions, and is a promising field for 
the collector and student. 


lUarey's E'1.J}criments on Ule l\dion of 
the Heart.-Experiments made by Marey 
show that a diminution of excitability and 
a rise of temperature in the muscular tissue 
of the heart invariably coincide "ith the 
cardiac systole, while the opposite phe- 
nomena are manifested during diastole. 
The same author bas recently attempted to 
ascel'tain whether any corresponding varia- 
tions of the cardiac mlIscle could be made 
out. The galvanometer, owing to the iner- 
tia of its needle, is unsuitable for the obser- 
vation of sudden changes in the intensity 
of currents. Hence, in Marey's experi- 
ments, Lippmann's electrometer was em- 
ployed. The heart of a fwg was placed on 
two unpolarizable electrodes, one support- 
ing the apex of the ventricle, while the 
auricl
s rested on the other. Two succes- 
sive negative variations of the current were 
indicated by the electrometer during each 
cardiac systole; one of these was sudden, 
and corre
ponded with the abrupt contrac- 
tion of the auricles; the other was more 
gradual, and coincided with the slower 
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movement of the ventricle. The l-Jhases of 
electrical variation are thus seen to be simi- 
lar to those of the WOl.k done by the mus- 
cle. 


College E}.lJlorin
 Expeditions. - 'Ye 
learn from the Tribune that the present 

enior Class of Princeton College has Or- 
ganized a scientific exploring expedition to 
the ,rest. An association has been formed 
to train men in scientific studies, and fit 
them as far as possible for the work to be 
ùone. The plan of the association's work 
is as follows: A knowledge of geology, as 
good as can be obtained, is required of each 
man. Then the work is mapped out into 
subdivisions of natural history and paleon- 
tology, and from these each one selects a 
specialty for himself. The meetings are 
held fortnightly. At these, the association 
generally receives an address from some 
scicntific member of the faculty. .After 
this, scientific papers are read by the mem- 
bers, in alphabetical order, four each even- 
ing. A question chosen at the previous 
meeting is then discussed. The faculty 
have given a room, have arranged the stud- 
ies to help the association as much as pos- 
sible, and gÌ\.en facilities for special and 
outside work. The association is forming 
a working collection of fossils and minerals, 
not intended to be complete, but typical. 
In the mean time the executive committee 
are taking steps to secure government aid 
in the shape of wagons, mules, etc., and to 
get the most favorable possible terms from 
the railroad companies. If, as is hoped, 
the committee is successful in obtaining 
free passes, the expenses will probably not 
exceed $100 per man. It is not yet fully 
determined what portion of the West will 
be explored-probably, however, the Green 
River, in 'Vyoming Terl'itory, and Yellow- 
stone National Park, or else the Wahsatch 

Iountains, will be selected. The member- 
Ehip is li
nited to thirty regular and ten al- 
ternate members. Vacancies occurring in 
the regular mcmbership are filled from the 
alternates, who attend all meetings, and 
perform regular duties. 


EncalY1)tns ss an Anti-Periodir.-Two 
instances are cited by Dr. Curnow, of LOII- 
don, of the cure of intermittent fever by the 
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use of tincture of EucalyptU8 Olobulus. We 
give in full the author's account of one of 
these cases, as sufficiently illustrating thc 
action of the drug: S. S-, aged eighteen, a 
Norwegian, was admitted to Kiner's Colleerc 
Hospital, May 23, 1876. lie hadc been s
'- 
fet'ing fl'om intermittent fever for four or 
five weeks. The attacks v.erc modcrate!,) 
severe and of a well-marked tertian type. 
.An expectant plan of treatment was pursued 
until J une 
th, and durmg this pcriod the 
paroxysms recurred oa alternate daJs \\ ith 
the utmost regularity. They began at 10 
A. M., reached their acme between 1.30 and 
3 P. M., and passed off aòout () P. M. The 
highest temperatures varied from 104.8 0 to 
105.6 0 . On June 9th the tincture of the 
Eucalyptu80lulJltlus was given in one-drachm 
doses three times daily. The next day, on 
which another attack was due, his tem- 
perature rose to 100\ and on the 1
th to 
100.4 0 ; and after this date no further parox- 
y
m occurred during the remainder of his 
stay in the hospital. 


Impronmenh in Iron-Jlannfadnre.-Dr. 
Andl.ews, in his inaugural address at the 
Glasgow meeting of the British Association, 
referred to the many improvements recently 
introduced in iron-manufactur('. But there 
yet remains, he said, ample work to be 
done. The fuel consumed in the manufacl- 
ure of iron, as indeed in every furnace in 
which coal is used, is greatly in exc
ss of 
what theory indicates, and the clouds of 
smoke which darken the atmosphere of 
English manufacturing towns, and even of 
whole districts of country, al'e a clear indi- 
cation of the waste, but only of a small por- 
tion of the waste, arising from imperfect 
combustion. The depressing effect of this 
atmosphere upon the wOl'king-population 
can scarcely be overrated. 
\t some future 
day the eftorts of science to isolate, by a. 
cheap and available process, the oxygen of 
the air for industrial purposes, ma). be re- 
warded with success. The effect of such 
a discovery ,\auld be to reduce the con- 
sumption of fuel to a fl.action of its pres- 
ent amount; and, though the carbonic acid 
would remain, the smoke and carbonic 
oxide would disappear. In the mean time, 
Dr. A.ndrews suggests that in many locali- 
ties the waste products of the furnace might 
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be carried to a distance by a few horizontal 
flues of large dimensions, terminating in 
lofty chimneys on a hillside or distant plain, 
as is done at the mercury-mines of Idria 
and some other places. \Vith a little care 
in the arrangements, the smoke would be 
wholly deposited in the horizontal flues, 
and would be available for agricultural uses. 


The Tomato - Plant as a Pl'otection 
against IllSeds.-ln a peach-orchard plant- 
ed by .M. Siroy, a member of the Valparaiso 
Society of IIorticulture, the trees at first 
grew wen and strongly. But, on commen- 
cing to bud, they were invaded by the cur- 
culio; and this insect was followed, as fre- 
quently happens, by ants. While the trees 
were thus infested, the idea occurred to !1. 
Siroy tbat by placing leaves around the 
trunks and branches he might ward off the 
rays of the sun, which were very powerful. 
For this purpose he happened to cì100
e 
tomato-leaves. On the fonowing day he 
found the trees entirely free from their ene- 
mie5l, not one remaining, except here and 
there where a cuded leaf prevented the to- 
mato fro111 exercising its influence. These 
leaves he carefully unrolled, placing upon 
them ft.esh ones from the tomato-vine, with 
the result of banishing the last in
ect, and 
enabling the trees to grow \\ ith luxuriance. 
'''ishing to carry the experiment still fur- 
the
, he steeped in water some fresh leaves 
of the tomato, and sprinkled with this in- 
fu:;ion other plants, roses and oranges. In 
two days these were also free from the in- 
numerable insects which covered them. 


The ."
re of Pnleo1ithic ):an.-Dr. R. II. 
Tiddeman contributes to .l'tature for Octo- 
ber 5th a paper in whieh he reaffirms the 
inter-glacial age of paleolithic man and of 
the fauna with which he is associated. The 
position not only of human but of animal 
remains points clearly to the. fact of their 
existence subsequent to a deposit of glaeial 
drift, but previous to another deposit of 
similar material. The facts may be taken 
as part of the evidence which prons the 
disappearance of a great ice-sheet which 
covered Scotlund, England, and portions of 
the Continent, and the return of it after a 
period of temperate climate duriI:!g which 
man and animals inhabited the region. 


The direct evidences of the inter-glacial 
age of paleolithic man from the actual in- 
fraposition of his Lones or implements are 
stated as fonows : 
1. Yictoria Cave, Settle: a lluman 
fihula under glacial till, and associated with 
bones of Elephas antiq1tus, Rhinoceros lep- 
iOl'hinu8, hyena, hippopotamus, etc. 
2. At 'Vetzikon, (]anton Zürich, a piece 
of lignite containing basket-vJork lying be- 
neath glacial deposits, and associated with 
Elephas antiquus and Rhinoceros lept01'hi- 
'flus. 
3. Near Brandon, Suffolk) implements 
"ith bones not yet determined in brick- 
earth beneath the great chalky bowlder- 
clay of East Anglia. 
Dr. Tidùeman says the "Settle till is 
undoubtedly of the age of the ice-sheet. 
The Wetzikon lignite lics upon a gladal till 
bpneath a river-gravel on whieh are great 
erratic blocks clearly indicating tbe pres- 
ence of a great glacier posterior in date to 
the organic remains. The Brandon imple- 
ments are beneath the chalky bowlder- 
cIa)'. " 


Inequality of the Orean-Bed.-In opening 
the Geographical Section of the British As- 
sociation at Glasgow, CaptainEvans said that 
it was learned for the first time by the Chal- 
lenger's results-ably supplemented as they 
had reeently been by the action of the 
United States Government in the Pacific, 
and by an admirable series of soundings 
made in the exploratory German ship-of-war 
Gazelle-that the unbroken range of ocean 
in the southern hemisphere was much shal- 
lower than the northern seas; that it had 
no features approaching in character those 
grand abysmal depths of 27,000 and 23,500 
feet found respectively in the North Pacific 
and North Atlantic Oceans, as the greatest 
reliable depths recorded did not exceed 17,- 
000 feet. The general surface of the sea- 
bed pi.esented in general to the eye, when 
graphically rendered on charts by contour 
lines of equal soundings, extensive plateaux 
varied with the gentlest of undulations. 
There was one great feature common to all 
oceans, and which may bave some signifi- 
cance in the consideration of ocean circula- 
tion, and as affecting the genesis and trans- 
lation of the great tidal wave and other tidal 
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phenomena, of which they knew 80 little- 
namely, that the fringe of the seaboard of 
the great continents and islllnd
, from the 
depth of a few hundred feet below the sea- 
level, was, as a rule, .abruptly precivitous 
to depths of 10,00u and 12,000 feet. This 
grand escarpment was typically illustrated 
at the entrance of the British Channt-l, where 
the distance between a depth of 600 feet 
and 12,000 feet \Vas in places only ten miles. 
Imagination could scarcely realize the stu- 
pendous marginal feature3 of this common 
surface depression. 


Pnrifiration and Deodorization of Pe- 
troleum Produds.-Mr. S. E. Johnson, of 
Ashby-de-la-Zouch, England, has discovered 
a method of treating petroleum and other 
mineral oils, by which those useful hydro- 
carbon liquids are not only purified, but 
also deodorized; and that in a simple and 
inexpensive manner. Chloride of lime is 
first introduced into the cask or other re- 
ceptacle containing mineml oil or spirit, in 
the proportion of about three ounces of 
chloride, more or less, to each gallon of the 
liquid, according to the degree of its im- 
purity, and thus chlorine-gas is evolved in 
the oil or spirit. If necessary, the evolu- 
tion of the gas may be assisted by pouring 
in hydrochloric acid, agitating the contents 
of the receptacle so as to bring the whole 
of the liquid into intimate contact with the 
chlorine - gas. The oil or spirit is then 
passed into another inclosed vessel contain- 
ing slaked lime, which, having an affinity 
for the chlorine, absorbs the same, leaving 
the liquid sufficiently deodorized and puri- 
fi ed. 


Pbysiologiral EO'eds of fora.-A cor- 
respondent of the Lancet, a physician, states 
that tbe use of the tincture of coca, in 
a two-ounce dose, corrected the "unruly 
throbbing" of his heart, which had been 
\Vont to interfere with his accuracy of aim 
in fowling. This writer had previously taken 
the tinctUl'e in doses of one-half ounce and 
one ounce without perceptible effect; but, 
having on the third day increased the dose 
to two ounces, his composure was perfect 
at the critical moment. "As soon as the 
dogs pointed," he wri tes, "I expected the 
mmal inward commotion, with its usual re- 
sults j but, to my surprise, nothing of the 
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kind happened. 'Eureka!' I said to myself; 
'the coca has made me a steady shot.' 
o 
in fact it subsequently proved. Judged by 
the effects de:,cribed," he continues, " coca 
would seem to be inhibitory as regards the 
action of the heart. Whethel" this result U\ 
pl'Oduced by indirect action through the 
mental functions upon which the drug is 
said to act remains to be pro\"ed." .Another 
con'espondent of the S3-me journal, not a 
physician, states that ,\ hile traveling in Bo. 
livia at great altitudes, such as from 13,000 
to 14,000 feet above the sea-level, he ex- 
perienced marked benefit from eating the 
leaves. Kearly all travelers on the Peruvian 
and Bolivian Andes use the dmg as a rem- 
edy for that effect on the brain and lungs, 
produced by rarefied air, which in SOl1tb 
America is called zorroclte. One use to 
which it is put by the Indians is that of a 
" pick-me-up" after a debauch on alcoholic 
fluids. In Bolivia it is generally eaten witb 
a paste made of wood-ashes and potatO. 
The writer propounds the belief that tho 
leaf loses its virtue in transmission. This 
is quite possible. It is an undoubted fact 
that the C{mnabis Indica, for instance, lo
es 
its potency in crossing the sea. It would 
seem desirable that n certain quantity of the 
coca-leaV"es should if possible be packed in 
an aÌ1'-tight ca:;e. The price of coca at La 
Paz, where the best is procured, was last 
year sixteen dollars per packet of twcnty- 
five pounds. 


The \mt'riran rorestry '!<isot'I:ltlon.- The 
.A.mel'ican Forestry .\ssociatÏon held its fir
' 
meptilw at Philadelphia in 
eptember. Ad- 
dresse: were delivered by Dr. }'ranklin ll. 
Houcrh of Lowville New York, )(:0. Mc.\fec, 
and ð)I
. )[eehan. 'Dr. Hough ga\ e an ac- 
count of the efforts m3-de by various Euro- 
pean governments to presen e forcstg and 
to promote timber-culture, and showed that 
the Constitution of the United ::->tatcs, and 
tbose of most of the Slates, give the right to 
interfere for the preservation of our forests. 
Mr. Mc.\fcc reported on the condition of 
forest-culture in the West, s110\\ ing how thf" 
planting of trees had been going on to an 
immense extent, and that it "as found that 
the old notions about the slo\\ ne
s of timber- 
growth had been deriV"ed from the hard 
" t rucmlc "ith NatUl.e that "ild timher }1'1d 

 l:
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to make. Cultivated trees had grown so 
much faster than was expected that peo- 
ple had been surprised at the growth, and 
it was now becoæing generally known that 
wood came into profit much sooner than 
was thought possible years ago, and forest. 
culture was much more popular in conse- 
qucnce. In his State at least 80,000 acres 
of timber had been planted during the past 
few ycars, and the work was still going on. 
lIe gave figures as to the growth of indi- 
vidual species, chiefly from tacts ",ithin his 
own observation. :Ur. Meehan, fI'om whose 
Gardener's lrfontltly we take this account of 
t.he meeting, thought that the people, with- 
out government interferencc, can be safcly 
trusted with the care of our forests, and the 
work of reforestation. Individual effort, cn- 
couraged by State laws and agricultural and 
horticultural societies, would soon replace 
the decRJing forests of our land. 


Do
Y the 111enopoma fasts its Skino-Since 
reading his " Preliminary Note on the lrfe- 
nopoma Allq}hanienRe of Hadan," before 
tbe American Association, Grote has ob- 
served in the aquarium of the Buffalo So- 
ciety of K atural Sciences the process by 
which the menopoma rids itself of its outer 
skin. This thin and transparent membrane 
is first seen to loosen and separate from the 
entire surface of the body, appearing at 
this stage like an envelope or glove in which 
tbe animal is contained. By a number of 
wide gapings, during which the mouth 
is opened to the fullest extent, the skin is 
parted about the lips, and tht'n commences 
to fold backward from the head. Convul- 
sive and undulating movements with the 
body and fore-legs are employt'd to extract 
these from the loose skin. The skin then 
readily falls backward, as the animal crawls 
forward and out of it, until the hind-legs 
are reached, when the menopoma turns 
round upon itself, and, taking the skin in its 
mouth, pulls it over the legs and tail. The 
operation reminds one of taking off clothes. 
The cast-off skin is retained in tbe mouth 
and finally swallowed. The operation is 
quickly performed. 


Poisonous fooking-nensils.-The dan- 
ger attending the use of porcelain-Hned 
cooking-vessels was pointed out at a meeting 


of the British Society of Public Analysts, by 

Ir. Robert R. Tatlock. He stated that the 
milk-white porcelain enamel with which ca<;t. 
iron cooking-vessels are now so commonly 
coated is in the highest degree objection- 
able, on account of the easy aC'tion on it of 
acid fruits, common salt, and other sub- 
stances, by means of which lead and even 
ar
enic are dissolved out in large qnantity 
during the process of cooking. It was 
shown that it is not so much on account of 
the presence of large proportions of lead 
and arsenic that these enamels are danger- 
ous, but because they are so highly basic 
in their character, and are EO readily acted 
on by feebly-acid solutions. He thought 
tbat no enamel should be admitted to use 
unless it "as totally unaffected by boiling 
with a one-per-cent. solution of citric acid, 
which was a very moderate test. Further, 
h{: gave it as his opinion that either the use 
of such poisonous ingredients as lead and 
arsenic in large quantity should be entirely 
discontinued, or that the eomposition other- 
wise should be of such a character as to 
insure that none of the poisonous sub- 
stances could be dissolved out under ordi- 
nary circumstances. 


..4gentirs that formed the ('o]orado ('a- 
ñ
nso-The g.'cat cañon of the Colorado is 
from 3,000 to 6,000 feet deep, through a 
distance of 200 miles. All the side-streams 
reach it through profound cañons, and each 
stream has done, and is still doing, its 0" n 
work of erosion. The process by which 
these results are brought about is consid. 
ered by Prof. G. R. Gilbert, in the Ameri- 
can Journal of Science and Arts, under three 
principal heads: 1. W. eathering; 2. Trans- 
portation; 3. Corrasion. 
By weathering, the writer means the dis- 
integration of rock by the action of tem- 
perature-beating of rain and changes of 
vegetation. The process, however, would 
be greatly delayed if the loosened material 
was allowed to remain and cover the sur- 
face. Hence transportation becomes a 
powerful agent in erosion, not only by ex- 
posing the disintegrating surfaces, but by 
mechanical wear in the act of removal. 
All rocks are more or less soluble in 
water, and impurities in the water intensify 
solvent action. But it usually happens that 
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rocks disintegrated in this way merely fall 
to pieces, the hard portion remaining in the 
shape of sand or pebbles. The transporta- 
tion of this by streams produces what the 
author calls corrasion. In this way the beù 
of a stream is wiùened and deepened, but 
the work is also facilitated by the ceaseless 
action of 
ater in dissolving the rocks. 
The mechanical wear or erosion by a 
stream depends largely on its velocity. "A 
stream of water flowing down its bed ex- 
pends an amount of energy that may be 
measured by the quantity of water and the 
vertical distance through which it de- 
scends. " 
The velocity of a stream would continu- 
ally increase if none of its energy was con- 
sumed in friction, but very much of it is so 
consumed, and reappears in innumerable 
forms of movement or subsidiary currents. 
It is by some of these that the work of 
trnnspol'tation and erosion is largely done. 
But a stream may be overloaded with detri- 
tus, and its corrading power correspond- 
ingly diminished. "Only with a partial 
load does a stream wear its bottom." Of 
the Colorado plateau the author says that 
the erosion which began with the first lift- 
ing of a part above the ocean has progressed 
continually to the present time. The total 
uplift l}!ts been about 12,000 feet; only 
'7,000 teet remains, that being tbe present 
altitude above the level of the sea. Five 
thousand fee
 of the general surface has 
been removed, and an amount greater by 
several thousand feet has been corraded by 
the rivers. 


Improved Raihr8) -Signal.-A simple and 
effective railroad-signal, in use on the Bos- 
ton, Lowell & K a;:hua Railroad, is described 
in the Sâentific .American. A single-cell Cal- 
laud battery is connected to the two rails at 
one end of a given section of the line-sIlY, 
two miles in length-each section being in- 
sulated from adjoining sections. At the 
other end the 
ignal has an electro-magnet 
similarly C'onnected to the two rails. 'Yhen 
the circuit is closed, as is normally tbe case, 
the magnet is excited and the signal con- 
trolled thereby so as to show that the line 
is clear. But, when a train runs on the 
section, then a shorter circuit is made by 
the wheels and axles, and the current re- 
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tUI'llS to the battery by this course, instead 
of passing through the signals. The mag- 
net ceases to attract, and the signal by me- 
chanical mC'ans is at once turned, to indi- 
cate danger. It is obvious that this must 
occur as long as a single car remains on the 
track, or when the circuit is broken by a 
displaced or ruptured rail Or any other 
cause. lIenee the device may he applied 
over an entire line, and will indicate the 
condition of every section to a train about 
to enter on the same. It i:! found to be 
operative in all weathers. 


Powder-Pal)(\r.-A substitute for gun- 
powder has been invented in England, called 
"powder-paper," viz., paper impregnated 
with a mh:ture of potassic chlorate, nitrate, 
prussiate, and chromate, powdered \\ ood- 
charcoal, and a little starch. The powder- 
paper is rolled into the shape of a cartridge 
of any required length or diameter. The 
manufacture involves no danger, it is said; 
DO explo
ion can take place except by way 
of contact with fire. The powder-paper 
leaves no greasy residue on the inside of the 
gun; it also produces less smoke, gives a 
less violent recoil, and is less impaired by 
humidity than gunpowder. With equal 
charges, by weight, of gunpowder and pow- 
der-paper, the penetrating power of the lat- 
ter is 1\ greater than that of the former. 


Odober 3Ieteor-Shower.-In a letter to 
the Tribune, dated October 1 Vth, Mr. Dan- 
iel Kirkwood states that 6hootiug-stars in 
unusual abundance were observed by sev- 
eral trustworthy witnesses at Bloomington, 
Indiana, on the e\'ening of the 18th, from six 
hours fortv-fivf' minutes to nine hour:;. The 
meteors ;ppeared to radiate from _\uriga, 
or rather from a point between Taurus and 
.Auriga. 1fost of the meteors \\ ere small, 
thouO'h two of them posi3essed extraordina- 
ry brilliaucy. . In a small \\ ork on comeL1 
and meteors, published three years ago, 
:Mr. Kirkwood called attention to the fact 
that meteoric showers had been obser\'cd 
at the salUc pcl"Ïod of the year in 1436, 
1439, 1743, and 17US. Retul"lls of the 
shower were oLsen ed in 1838 and 1841. 
lIe recommends that a careful "atch be 
kept in future about the same period-say, 
from the IGth to the 20th of October. 
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Do Plants absorb lliatoms ?-Prof. John whose sting is very painful, had chosen sev- 
Phin, in the American Journal of JIi- cral of these bushes for attaching to them 
croscopy, criticiees the results of 'YiIEon's their eggs, and the cynocephali were often 
mieroscopic examination of wheat-straw scen eying- the fruit very eagerly, but they 
grown on land which had been treated with dared not touch them for fear of the wasps. 
infusorial earth. The substance of Prof. One morning, the planter heard tel'l'ible 
'Yilson's paper we gave in the September cries, and with the aid of a good opera-glass 
numberofthe MO
THLY. Prof. Phin repro- was enabled to witness an interesting spec- 
duces 'Vilson's engraved representation of tacle. A fat old monkey, the leader of the 
the diatom forms said to have been found troop, would take hold of the young ones, 
in the remains of the straw after treatment and pitch them repeatedly into the middle 
with nitric acid, and says: " A single glance of the bush, de:"pite their cries and groans. 
at the engraving is sufficient to convince any The shock brought down the wasps' nests, 
microscopist that Prof. P. B. 'Vilson never and the irate insects attacked the victims j 
i k:"


:::,, meanwhile the old rogue quietly ate the 
I:;;;:::,:) :::;::::: ::: :::: I: fruit, tbrowing down the remnants of the 
meal to the females and young ones on the 
ground. IJ 


saw 'upon the field of his microscope,' 
HIlder the circumstances which he has de- 
Ecribed, the objects wbich he has delineated. 
. . . Dearing in mind that these organisms, 
2.S figured, have ùeen obtained by destroy- 
ing the organic matter with nitric acid, we 
find Bacillaria figured as it exists only in 
the living condition-the frustules being 
joined together in the peculiar way which 
has given to this form the specific name 
pamdoxa. For this diatom to have passed 
through a bath of nitric acid, and come out 
in the condition figured, would have been 
almost as great a miracle as the passing 
of Shadrach, Meshach, and Abednego, un. 
scatbed through the fiery furnace of K ebu. 
chadnezzar. So, too, we find a calcareous 
foraminifer figured under the same circum. 
stances. After such instances, the numer- 
ous minor features which are utterly irrec- 
oncilable with facts may be safely passed 
over. " 


Another W
ry of sernring the (best- 
nnts.-The fonowing narrative is taken 
from the Cltronique de la Soc-iété d' Acclima- 
tion,. we give it for what it is worth: "A 
Frenchman, :fifteen years resident in the 
Transvaal Republic, where he has estab- 
lished a number of plantations, recounts to 
us the following fact, which no natUI'alist 
has as yet reported: The coffee-plantations 
are much e"'{posed to the ravages of the 
great cynocephalous monkeys. Among the 
coffee-plants there grows a shrub, the scien- 
t.ific name of which I have not been able to 
ascertain, whicb has its fl'uit growing very 
near tbe trunk. Some wasps, of a kind 


Taking Impressions of 1)lants.-M. Ber- 
tot, of the Paris Academy of Sciences, offers 
a simple method of taking impres!<ions of 
plants. A sheet of pBpe(' is first lightly 
oiled on one side, then folded in four, so 
that the oil may :filter through the pores, 
and the plant may not come into ùirect 
contact with the liquid. The plant is placed 
between the leaves of the second folding, 
and in this position pressed (thl'ough other 
paper) all over with the band, so as to make 
a small quantity of oil adhere to its surface. 
Then it is taken out and placed carefuUy on 
white paper j another sheet is placed above, 
as two impressions can be taken at once, 
and the plant is pressed as before. On 
now removing it, an invisible image re- 
mains on the paper. Over this you sp1'Ïn- 
kle po\\odered black-lead, which causes the 
image to appear. 'nth an assortment of 
colors, the natural colors of plants may he 
reproduced. To obtain fixity, resin is mixed 
with the black-lead in smaJI quantity; the 
impression is fixed when it is exposed to a 
heat sufficient to melt the re:o:in. 


.Anrient \feapons.-Among the 
Iichigan 
exhibits of ancient stone and copper im. 
plements at the Philadelphia Exposition is 
a weapon fashioned after the model of the 
"patu-patu!J of New Zealand. It is de- 
scribed by Dr. C. C. Abbott, in tbe Ameri- 
can ,lvoturalisl. The patu - patu of New 
Zealand is, according to Tylor, quoted by 
Dr. Abbott, "an edged club of bone or 



stone," in shape "like a soda-water bottle 
with the bulb flattened. It is a very effec- 
tive weapon," he adds, " in a hand-to-hand 
fight, being so bharp that a man's skull 
may be split at one blow with it." The 

Iichigan specimeu is 16t inches long. It 
is 2} inches "ide for 11 inchcs j then it ta- 
pers to It inch, but again widens to 2 inch- 
es at the end, thus forming a terminal h.nou. 
The edges are beautifully wrought, and aJ'e 
as sharp now as most of the polished stone 
axes ami celts. In the vast coHection of 
relics of American aborigines at l)hiladel- 
phia Dr. .Abbott finds no other specimcn of 
the form here described, and it is pre- 
sumable that this weapon was one seldom 
fashioned in North America. 


NOTES. 


Å MEETING of persons interested in the 
formation of a Metrological Society was 
lately held in lloston, which resulted in thc 
organization of the "
-\..mericall )letric Bu- 
reau." .Arrangements were milde to secure 
a large li"t of honorary or life members, 
and to solicit subscriptions to supply teach- 
ers with metric apparatus at half-price. 
The assessment for I87G was fixed at 

.50. 
The list of dit'ectors is as follows: Samuel 
,Yo Mason, J. P. Putnam, Prof. 'v. .F. 
Bradbury, Dr. Edward 'Vigglesworth, 
fel- 
viI Dewey, Prof. William Watson, Dr. II. 
P. Bowditch, S. S. Greene, .Nathan Apple- 
ton, and Prof: K. S. PennelL 
b the Paris School of JIines is a labo- 
ratory, founded in 1845, for analyzing gra- 
tuitously allY substances presented. Last 
year 767 analyses were made at this labo- 
ratory, chiefly of minerals and manures. A 
laboratory for the gratuitous analysis of 
medicines and articles of food wonld be a 
"CI"Y useful institution in our .American 
cities. 


CRE
L\TION of the dead is now fairly 
established in Saxe-Gotha. In a recent sit- 
ting of the town council, it was decided to 
erect the necessary apparatus in the new 
cemetery. Cl'emation is to take place only 
in accordance with the clearly expres
t'd 
wish of the deceai;ed, and under permit fmm 
the proper mcdical officer. The ashes are 
to be gathered in urns, to be preserved by 
the family of the deceased, or set up in a 
ball in the cemetery. 


.LVOTES. 
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in, Livinçs:;on County, TIJinoi:.:, the planting 
ot trees III groves and shelter-belts and for 
ornamental purpo,.;es, is lJOW very 'general. 
The, black-", alnut is the fa vori te trec 1'01. 
profit and ease of culthation. but elm 80ft 
maple, willO\\, cottonwood, E
ropean l
rch, 
and a
h, are common, \\ hile evergreens arc 
p.opular for ornamental purposes, and Occa- 
810nally are planted in gl'oves and shelter- 
belts. 


AT the A
rieultural Congre!>
 in Phila- 
delphia, resolutions were otlert>d bv Prof. 
C. V. Hiley, and unanimou::oly adopted, ill 
favor. of g?vemmellt action for the SlIp- 
prl:sslOn of the Rocky 
lountains locust- 
plague. In the opinion of the Conn-rcss the 
national Legislature owes it to tl
e p
oplc 
of the West to take this matter into con- 
sideration, and the United Btatcs are called 
upon to follow the example of othc.- nations 
under like circurustavces, and appoint a 
special comlllis
ion for the thorough inves- 
tigation of the subject. 


Is a work on the" Yoices of 
\nimaI5," 
by Lanùois, additional eyidenee is collected 
of the universality of voca.l sounds among 
the lower animals, int'luding the 
[ollusca. 
The author considers it to be indi
putable 
that ant.:! posses
 a \'ocal speech, by which 
they are enabled to exercise those bi"lwr 
mental faculties to whidl they owe tlu.'ir 
high social organization. 


TIIF; U ni versity of 
fich igan had ]a <:It 
year 101 femde students, distributed as fol- 
10\\ s: 
Iedicille, 37 j law, 2 j homæopath}, 
2; literature, 60. "The experience of the 
past year," writes the president of the uni- 
versity in his annual report, "confirms the 
opinion we have been led to form by the 
e'\perience of former years, that ",omen 
who come here in good health are able to 
complete our collegiate or professional 
course of study without detriment to their 
health." 


PROF. )[AURICE SrHIFF, of Florence, has 
demonstrated that the nOll-edible mush- 
room
, "toad
tools," contain a common 
poison, muscarine, and that its cffh.ts are 
countcl'acted by either atropine Or daturine. 
Italian apothccaries no\v keep thest' drug:-l 
in the rural dist1'Ïcts, "here the consump- 
tion of the non-eùible fungi i
 apt to occur. 
The hint is worthy of attention e\'ery- 
where. 


IT has been affirmed that not less than 
four per cent. of all the coal-laden ve
,.d!J 
that have left En;:::1i
h port5 durin
 the ll\"'t 
five years, for destination
 
outh of the 
eqnator, have suffered eit'lCr total or parti..l 
Is one of the monthly reports of the loss by the spontaueous ignition of thf'ir 
Department of Agricu]ture, it is stated th
t i cargoes. 
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AT the reeent meeting of the British 
Association, Mr. Garner stated that he had 
found from measurements of brain capacity, 
and from casts of the interiors of skulls, 
that the size of the brain in the dog does 
not correspond very closely with the size 
of the animal. No dog has so large a brain 
as the wolf, nor one so small as the jackal. 
'fhe brain of a K ewfoundland dog is very 
little larger than that of a terrier. Prof: 
l\lacalister, of Dublin, gave an account of 
the brain of the celebrated greyhound 
" Master JIacgrath." He had wéighed the 
brain of many other dogs, but Master Mac- 
grath's was the heaviest of aU, and the con- 
volutions were mU<.:h more complex. 
Is a balloon-voyage from Cherbourg, in 
August, two French aëronaut!":, 
Ioret and 
DUl'nof, observed with surprise, at a height 
of 1,700 metres, that the bottom of tbe sea 
was visible in ùetaiJ, though that part of the 
British Channel must have a depth of 60 to 
80 metres. The ropl{s Imd submarine cur. 
rents appeared with 
reat distinctness. It is 
suggested that this fact might be utilized, a 
means being afrorded of giving accurate 
representations of the bottom for the bene- 
fit of navigators. 


IN tbe Scientific Farmer we find re- 
corded the death of Prof. Dimond, of the 
New Hampshire Agricultural College. He, 
no doubt, died of overwork. In the Agri- 
cultural College he W3S Professor of AgI"i- 
culture, Botany, and Chemistry, farm-super- 
intendent and steward, and at the same 
time was Professor of Botany and Chen1istry 
in Dartmouth ColIege. It is stated that 
three men will be appointed to perform 
the duties recently pertormed by Prof. Di- 
mond. 


DURING the past year the French Asso- 
ciation for the Advancement of Science 
expended the sum of 7,000 francs in aid of 
scientific research. Of this sum, 5,000 
francs was granted to the astronomer J ans- 
sen, to help defray his expenses as a mem- 
ber of the expedition to observe tbe transit 
of Venus; and 2,000 francs to M. Chapelas- 
Coulvier-Gravier, to enable him to continue 
bis observations of f\hooting-stars. 
AT one point on the margin of Lake 
Tanganyika (Central .Africa), Captain Came- 
ron saw large masses of coal. In the dis- 
trict adjoining .Manyuema iron is plenti- 
ful: the people manufacture large quanti- 
ties of iron, and many of the articles they 
make are beautifully finished. 
PROF. H. 
. )IAnTI
 will lecture on ani- 
mal physiology, in the John Hopkins Uni- 
versity, Baltimore, on Tuesdays and Fridays 
during the winter. The lectures will he 


accompanied by instruction in the labo- 
ratory. After the spring vacation, Prof 
Martin will deliver a course of lectures on 
general biology, intended for elementary 
students. There will also be organized 
during the latter part of the session 1876
 
'77, a short course of more advanced lect- 
ures on embryology. 
TIlE formation of nickel-ore near Lan- 
caster, Pennsylvania, is pronounced by the 
.American Jlanufacturer to be the heaviest 
so far discovered in any part of the globe. 
The ore is exceedingly rich, of a graYish 
tint, very heavy, and so hard and closely 
united to the surrounding substances thati 
it bas to be got out by blasting. Âs soon 
as the ore is mined, it is crushed into 
smaU pieces, and th(;n transferred to kilns 
of a capacity of from eighty to ninety ton
 
each. It is then subjected to heat obtained 
at first by burning wood, and which is con- 
tinued by the conversion of the evaporatin
 
fumes. Tbe manipulation is concluded by 
the fused metal being placed in a smelting- 
fur'nace, and undergoing a process similar 
to that adopted in the treatment of iron- 
ore. 


A BERLIN machinist has invented a 
steam-velocipede. The boiler is heated 
by means of a petroleum-lamp, and rests 
on the axle of the hind-wheels. 


THE Paris correspond(>nt of the London 
'l'imes states that, in digging the new basin 
at St.-N azaire, animal remains, tools, weap- 
ons, and utensils, have been found in a 
sandy stratum 20 feet below the surface. 
Last year a dolichocephalous skull was 
found Hear the same EpOt. 
THE Registrar-General oJ Great Britain 
and Ireland, in his quarterly return, states 
that the births of 296,350 children, and the 
deaths of 171,082 persons of both sexes, 
were regi,;;tered in the United Kingdom in 
the three months ending June 30, 1876. 
The recorded natural increase of population 
was thus 125,268. The registered number 
of persons married in the quarter ending 
March 31, 1876, was 117,760. The resident 
population of the United Kingdom in the 
middle of 1876 is estimated at 33,093,439; 
that of England and 'Vales at 24,244,010, 
of Scotland at 3,527,811, and of Ireland at 
5,321,618. 


DR. }l.AG
["s condemns the use of blue 
{!la
ses as a protection for the eyes, and 
preft'rs ,the gray anrl smoky glasses used in 
England. TIe considers blue glass specia1Jy 
irritating to the eye, and says that many 
birds, reptiles, and amphibians, have yellow 
or rC'ddish oil-drops in the eye to neutral- 
ize this blue color and protect the eyes. 
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TIlE EARLIElt FORMS OF LIFE. 


By PROFESSOR C. II. HITCHCOCK, 


STATE GEOLOGIST OF NEW HAMPSHIRE. 


T HE surmises and discoveries of the past twenty ye:1rs have estab- 
lisbed the fact of the existence of life throughout the entire se, 
ries of stratified rocks known to geologists, both sedimentary and 
metamorphic. 'Vhen Principal Dawson published his description of 
the Eozoön in the Laurentian foundations, he was led to suggest the 
adoption of the term Eozoic in place of Azoic for all the ages older 
than Paleozoic, since, if life existed in the oldest formation, it must 
have continued to flourish in the following æons, even though evi- 
dences of its presence had not then been accumulated. Time has ap 
proved of this sagacious anticipation, and we can now maintain with 
serene confidence that the four great Eozoic perioc1s-LaurentiaJJ, 
Labrador, Atlantic or l\Iontalban, and IIm.onian-were all enli,.ened 
by the existence of both vegetable and animal life. And Eozoic life had 
its peculiar characteristics just as much as the Silurian or Carboniferous. 
This life has appeared in consonance with th<.' general principles of 
evolution as announced by our most learned sages. The ('arlil'
t. or- 
ganic forms were the simplest in their structural relations; ana they 
flourished through untold ages. The world was no longer young 
when the organic scheme permitted the growth of Cambrian trilobites 
and mollusca. l\Iore than half of geological time had pa

('d away 
durino- the reiO'Il of P rotozoans and funo-i. This sug!!e
tR the elluu- 
o 0 0 

 
ciation of a general principle, in perfect agreement with the doctrines 
of evolution: the simpler the predominating forms of life the lon
er 
the period. In the beginning of Nature's operations, time was the 
element of which lavish use was made. It has grown more valuabtf 
as the ages have passed on, and the perfected type of organic develop- 
ment in our period grudges the loss of a single moment of it. 
The evidences of the earlier forms of life natur:llIy .IivirJe thl'rn- 
VOL. x.-17 
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selves into two groups, or those relating to plants and animals, which 
we will f?onsider in their natural order: 
EVIDENCES OF PLANT-LIFE.-An interesting evidence of the exist- 
ence of vegetation in Eozoic times is derived from the presence of 
iron-ores, an argument first set forth by Sterry IIunt. The ores are.. 
first formed in the hydrated condition, and then lose their water by 
metamorphic agencies, becoming specular and magnetic, or the state 
in whi0h the Laurentian irons are now kno'wn. Ores of iron are con- 
ceived to have been formed under similar conditions in all ages. At 
the present day they accumulate in swamps and low grounds in the 
condition of the hydrated peroxide (ferric), or bog-ore, oftentimes in 
company with manganese. The presence of organic vegetable matter 
is requisite in order to extract the iron from the rock or soil and effect 
its deposition. The metal present in slight amount in the soil is the 
insoluble ferric oxide, or the familiar condition of iron-rust. Water 
charged with soluble vegetable infusions, like that in swamps too full 
of the disagreeable extract of leaves, etc., to be l)alatable, has the 
power of dissolving ferác oxide. The process consists in the removal 
of a part of the oxygen by the vegetable compound, or deoxidation, 
when the compound becomes changed into the readily-soluble ferreous 
oxide. But this is not a stable compound in the presence of our at- 
mosphere. The rejected oxy
en is brought back again, and in its 
recombination takes water with it, producing the hydrated ferric ox- 
ide, which, being insoluble, is precipitated, aud covers the ground on 
tbe bottom of the pool. On visiting almost any swamp at the pres- 
ent day, this reddish-brown coating of hydrated iron-rust may be 
seen abundantly. 'Vhere streams of water cause the swampy water 
to flow to lower regions, the iron compound is also conveyed in sus- 
pension, and in the course of a few years a thick deposit of ore is ac- 
cumulated. Our New England ancestors used these beds for the 
. manufacture of their pig-iron in localiti{'s where only the name now 
exists for the village, such as the Tamworth or Gilmanton Iron-"\Vorks. 
All tradition of the manufacture there has disappeared. The l{atah- 
din Company, in l\Iaine, however, anù some others, still derive their 
ore-supplies from this bog-compound. 
Our theory supposes that the principal iron-ores in every age of 
the world had their origin in this way. There is no other agent 
save this organic extract which produces iron-ore on a large scale at 
the present day; hence it is rational to explain the origin of ancient 
ferruginous beds in the same way. If we examine the formations in 
order, we find the very ores themselves obviously thus accumulated: 
1. 'l'here are the early Tertiary limonite beds of Western New Eng- 
land, New Jersey, and Penn
yh"ania, still scarcely removed from the 
bog form, with the accompanying clays. 2. There are the older Csr- 
boniferous nodules and the celebrated Clinton hematites, differing 
from the limonites only by the absence of water. 3. The specular 



THE E..JRLIER FORJIS OF' LIFE. 


259 


Huronian ores of Lake Superior have the same composition as the 
Silurian deposits. Lastly, the Laurentian magnetites constitute thp 
other extreme of the ferruginous series. Both the water and a part 
of the oxygen have disappeared, leaving a compound richer in DIeta], 
and therefore more highly prized by the smelter. The aI)plication of 
a gentle, continuous heat is adequate to explain the change of the 
limonites into hematites and magnetites. 
The process of change may be seen in the manufacture of common 
hricks, or the purification of quartz for the production of glass. The 
blue clay becomes I.ed when burned, because it parts with its water 
of composition; and likewise the small percentage of hematite in the 
quartz becomes magnetic on the application of heat, and, after pulver- 
ization, has the iron removed Ly magnets, so that the silica-flour may 
be perfectly pure, and not impart a green tint to the glass. It is not 
maintained that the native limonites ha,'e been converted into mag- 
netites in precisely the way in which the same results have been ac- 
complished artificially; but the manipulation of the manufactured 
products shows that the metamorphosis is a feasible process, and by 
no means of difficult accomplishment in Nature. 
In a review of a report by the author, in which this theory of iron- 
ore origin is elucidated, Prof. Dana ol)jects 1 to its value, because 
" carbonic acia, which does now some of the work of iron-transporta- 
tion, may have done fa.r more then," on account of its presence in tbe 
atmosphere in great abundance. No doubt exists as to the assistance 
afforded by carbonic acid in this work, but this fact only confirms the 
truth of our argument, since no chemist will allow that carbonic acid 
can remove the iron-rust from the soil without the help of some deox- 
idating agent, such as vegetation. The chemical change for which we 
require the presence of vegetation is the same, whether carbonic acid 
be involved or not. Indeed, an excellent authority for the form in 
which this change is effected is the professor's own treatise on miner- 
alogy,2 where he says, "The iron is transported in solution as a prntox- 
ide carbonate in carbonated waters, a fmlpbate, or as a salt of an organ- 
ic acid." Each of these methods requires the presence of a deo"'{idat- 
ing agent like vegetation; and nothing better has yet heen suggested. 
The iron-ores produc('d by volcanic ejections are of ,-ery limited 
amount, and mingled with too much dead rock to be capable of utili- 
z
tion. N or does the suggestion of the decomposition of pyrites by 
atmospheric agents to form limonite necessitate the origin of all iron- 
ores in that way. 
Accepting the valiJity of the argument, it follows that vegetation 
must have been extremely abundant in the Laurentian and Huronian 
ages on account of the presence in them of enormous deposits of iron- 
ore
, as on Lake Superior, in the L\tlirondacks, J\Iissouri, etc. 
bme 
(If the beds are hundreds of feet in thicknes
. 


1 American Journal of &ience, iii., vol. ix., p. 223. 


, Fifth edition. p. 173. 
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The presenct3 of graphite, or plumbago, in the Eozoic rocks is by 
many regarded as a still stronger argument for the former existence 
of. vegetation. As graphite is nearly pure carbon, it is easy to be- 
lieve that it has accumulated from the remains of plants. Greater 
changes have been effected in its mass through metamorphism than 
in the alterations of the Ol'e-beds. No traees of vegetable structure 
have yet been detected in graphite, so that no evidence as to the na- 
ture of the earliest plants can be afforded from morphology. 
NATURE OF TIlE EOZOIC FLORA.- What species of vegetation can 
we imagine to bave existed in these early periods? Possibly we may 
derive a hint as to its nature from the general course of plant-devel- 
opment in later ages, and assume that there has been a correspondence 
between the order in which the different classes have appeared and 
their successive stages of complexity of structure: The simpler forms 
-should appear first; or, reversing the statement, if we find a succession 
of all the higher forms of growth in later times, it is reasonable to 
expect in the still earlier periods larger developments of the inferior 
cryptogams, such as now playa comparatively insignifirant part in 
the economy of Nature. Their easy decomposition would prevent 
the preservation of their specific shapes as fossils. 
To particularize, we have among the lower orders of terrestrial 
vegetation the lichens, by some thought to be the parent of the fungi 
and algæ, since they can be resolved into two different plants, a fun- 
gus parasitic upon an alga; the mushrooms, puff-balls, mildews, blight, 
or fungi; the hepaticæ, and mosses. Of aquatic vegetation there are 
tbe numerous protophytes, the diatoms, with their siliceous shells; 
the desmids, the coccoliths, with their lenticular calcareous disks; 
the nullipores and corallines, making calcareous incrustations; and 
the great family of Algæ, simple, branched, and contiuent. These 
afford us abundant material from which we may reconstruct the 
:Eozoic meadows, forests, and submarine carpets. 
The present system of plants seems to have originated in the Crt3- 
taceous period. The older J\Iesozoic gives us tbe cycads and tree- 
ferns, like those of the Asiatic tropics. The Paleozoic formations 
furnish a unique assemblage of combined cryptogamous and pheno- 
gamic nature of types not now existing. Granting that the two 
divisions of the plant kingdom are of equal importance in the line 
of development, we find ourselves in Silurian times only half-way 
back to the starting - point. If the Cambrian should furnish us 
with representations of the mosses and ]ichens, we might expect in 
:Eozoic times some of these, together with the protophytes, etc., in 
order to complete the systematic and orderly development of the 
plant kingdom in time. :Furthermore, the later ages have afforded 
gigantic representations of the higher orders. "Thy, then, should not 
the Eozoic land have bad its forests of mushrooms and arborescent 
lichens; its swamps of diatomR, confervæ, t.he charæ and desmids, 
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and enormous aquatic growth of algæ, coccoliths, nul1iporcs, and cor- 
allines? If we grant that the parasitic fungi could not exist for want 
of their proper organic food of higher organization, thcrc are still 
enough forms remaining to take their place, and thus afford us a 
symmetrical development of all the phascs of vegetable growth in thc 
enormous periods when the simplest organic structurcs ruled thc 
world. 
EVIDENCES OFAXIl\IAL LIFE.-It has been argucd by high au- 
thority that the existence of carbonate and phosphate of lime suggests 
the presence of animal life in the Laurentian seas, becausc at the 
present day these mineral substances are principally dcrived from 
organic secretions. The graphite may also have been partly of ani- 
mal derivation. There is as much carbon in the Laurentian as in the 
Paleozoic Carboniferous. But these indications need not be dwelt 
upon, since recent discoveries have brought to light the actnal relics 
of protozoans preserved in stones of Laurentian age. These are so 
convincing that the discussion of probabilities derived from rocks of 
supposed organic origin need not be dwelt upon. The organigm has 
the name Eozoön Canadense, the dawn-anirnal, inhabiting the Cana- 
dian district. 
Several names are connected with the discovery of this Eozoön 
from Ontario and elsewhere. Dr. Wilson, of Perth, sent specimens of it 
many years since to Sir 'Villiam E. Logan, Director of Canadian Geo- 
logical Survey, in which Dr. Sterry Hunt found a new hydrous sili- 
cate, which he called Loganite. In 1858 J. 
lc:\lullen brought speci- 
mens which reminded Logan of the Stromatopora of the Silurian. 
They were examined by various scientists, and in 1865 a composite 
paper upon the geology, paleontology, and mineralogy of the fossil 
appeared in the journal of the Geological Society of London, prcpared 
by 
Iessrs. Logan, Dawson, Carpenter, and Hunt. Soon after Ven- 
nor discovered other specimens in the 
Iontalban of Tudor, Ontario; 
GUmbel recognized it in both the Laurentian and Huronian in Bava- 
ria; Bicknell and Burbank discovcred it in Laurentian limestones at 
Newbury and Chelmsford, l\lassachusetts; and Edwards dcscribed it 
from the Adirondacks in New York. Scientists have not universally 
accepted the genuineness of this fossil. I will cndeavor to present a 
brief sketch of the nature of the organism before stating their objec- 
tions. 
This animal structure belongs to the subkingdom Protozoa, a 
unique and inferior group of organisms. These animals are distin- 
guished by possessing no alimentary cavity, or, if a stomach he pres- 
ent, it is not bounded by any walls. The three divisions, using the 
classification adopted by Dawson, are: the Rldzopods, Sponges, and 
Infusoria. The first is the lowest, including all the sarcodous ani- 
mals whose only external organs are pseudopodia. The rhizopods 
are divided into the Reticularia or Foraminifera, possessing thread- 


- 
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like anù reticulating pseudopodia with granular matter instead of a 
nucleus, and with calcareous, membranous, or arenaceous skeletons; 
the Radiolaria and Lobosa, the first being the lowest, and embracing 
Eozoön. The reticularia may be still further di \"ided into two sub- 
orders, Pelforata and Imperforata, the first having calcareous skele- 
tons penetl'ated with pores. This is the higher one, and holds Eozoön. 
Of the three families Nummulinidæ, Globigerinidæ, and Lagundæ, 
Eozoön belongs to the first and the highest in rank. It is not strictly, 
then, the lowest of the animal kingdom, though very near to it. 
Fig. 1 shows several species of the foraminifera. 


l 
 . 
 V 
 9' I c 
::

f 
"" I .. 0 --=- .,.. 
" , 0 
,,': >.,', ?J'. ,'J, 
. ( " "I 

:_
 0.: 
o a e 9 -?i', 
 t 

\ 
c9 1J d
 fJ;i. 

 V ew. 


FIG. l.-RHIZOPODS. 
a, Orbulina univert>a; b, Globigerina rubra; c, Chrysalidina gradata; d, CUDeolina pavonia; 
e, GI"ammostomuDl phyJlodcs; f, RotaJia globoss; g, FlabeIlins rugosa; Il, Fconè.iculacil1 
anuularis; i, Nummulites Dummularia. 


The animal part of tIle rhizopods is. a gelatinous body called 8ar- 
code, a bit of scarcely-organized protoplasm. Food is taken in through 
the outer wall, and is made into small pellets, which are surrounded 
by a digestive fluid in extemporized stomachs. l\Iinute granules move 
about tbe interior, perhaps the substitute for a circulating fluid; and 
the outer wall can be moulded into the long processes called pseudo- 
podia, llsed for locomotion and prehension. 'Yhen these rhizopods 
secrete stony matter for a covering, the interior is the sanle structure- 
less mass; but the shells assume characteristic forms for the different 
varieties. The Orbulina consists of a single cell with one orifice, 
but permeated by numerous microscopic pores, through which the 
protoplasmic material can ooze and form the pseudopodia. In the 
Globigerina and other genera there are several cells agglutinated 
together, all communicating with one another. In many species the 
thin cell-wall is inadequate for the wants of the structure, and an ad- 
ditional growth or "supplementary skeleton" is added, traversed by 
tubes larger, longer, and more branched, than in the first. In the 
ocean these minute creatures swarm in astonishing numbers, and 
their remains accumulate at the bottom, commingled with a paste 
of still more minute coccoliths and calcareous débl"is to form the ooze 
brought up in the sounding-lead from the telegraphed plateau. When 
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this calcareous mixture becomcs solidified it is the chalk which 
abounds in the Cretaceous formation of Europe, and makes up HI(> 
nummulitic and orbitoidallimestones. 
. Fig. 2 is a close copy of a small slab of Eozoön, f'howing what are 
caned the laminated, acervuline, and fragmental portions. The 
diagonal white line represcnts the course of a vein of calcite. The 
dark lines and marks correspond to the sarcode or animal matter of 
the animal, now consisting of serpentine. Calling the base of the 
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FIG. 2.-NATURE-PRINT OF EOZOÔN. (Dawson.) 


figure the ocean-floor, there may be said to grow upon it the gelatinous 
sarcode or dark mass. Upon it grew first the delicate calcareous shell, 
penetrated by the numerous minute orifices or tubuli, larger pores, 
and occasionally supports of perpendicular plates. ,Added to this is 
the Rupplemental skeleton without the minute tubuli, but travcrsed 
by branching canals. This whole skeleton is represented by the 
white mass next the dark base, consisting of calcite. TI1C8c two laJ- 
el'S or Iaminæ constitute the essential part of the f'tructure, and all the 
numerous layers above are but repetitions of them. Each lamina may 
cover several inches square of Rurfa('e at the bottom of the ocean, :Ujd 
perhaps diminish in size as the organism grew upward. In thc H1..et('h 
the layers are seen to grow thinner toward the top, a
 if the vital 
energy became exhausted by the demands made upon it. and the sup- 
plemental skeleton first disappears. Finally, we have a maf'S of 
rounded chambers irregularly piled up ncar the top, constituting the 
" acervuline "st.ructure. 1\T e may suppose the growth arrestcd at 
this stage, and the sending forth of reproductive germs to found new 
colonics in the adjacent ground. 
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In Fig. 3 we have an enlarged restoration, after Dawson, of a 1)or- 
tion of the Eozoön structure, which will enable us to better appre- 
ciate the several parts of the organism. The dark, granulated layers 
at the base and at intervals higher up com:titute the chambers, and con- 
tain the sarcode or gelatinous animal matter. Immediately above and 
below each dark layer is the thin calcareous shell penetrated by the 
minute orifices or tubuli. The white spae-es represent the Bupple- 
lnentary skeletons traversed by the larger canals. At the summit the 
sarcode is developed into 
everal pseudopodia or cilia, by means of 
which food is brought to be assimilated. 
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FIG, 3.-EozOÖN REii'TORED, (After DawEon.) 


In Fig. 4 we have a portion of Eozoön magnified one hundred diam- 
eters, drawn by Carpenter. The upper covering (a a) represents the 
original cell-wall penetrated by the tubuli or pores in great abun- 
dance. A bit of this is still more magnified in 2, by tbe side of the 
first, seemingly consisting of an upper and lower part. The greater 
part of the sketch consists of the supplemental or intermediate skele- 
ton, traversed by two kinds of canals (b, c), of much larger size and 
greater irregularity than the tubulation of the cell-wall. 
The arrangement and composition of the mineral matter of the 
EozoÖn is quite interesting, and the more remarkable since it has 
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awakened hostile criticism and resulted in illustrating the presence of 
silicates in organisms in every age of the world. Form
rly it was 
believed that carbonate of lime was the principal mineral found replac- 
ing organic substances, thus producing petrifactions. K ow we have 
iron oxide, silica, clay, sanù, Emlphuret of iron, ores of copper, lead, 
etc., fluor-spar, heavy spar, phosphate of lime, all unmistakably occu- 
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PIG. 4.-PORTION OF EOZOÖN MAGNIFIED 100 DIAMETERS. (After Carpenter.) 
a a, Original cell-wall with tubulatioD; b c, Supplementary skeleton, with canals; 2. Portion of 
a a magnified. 


pying the place of decomposable organic material. And the discus- 
sions about Eozoön recall and enforce facts about the employment of 
silicates by Nature to preserve her structures, especially in foraminif- 
eral forms. In New Jersey there are beds of green-sand of Cretaceous 
and Tertiary ages full of concretions composed of a silicate of iron and 
potash called glauconite. Owing to its value as a fertilizer, thousanùs 
of tons of it are annually employed by the farmers to enrich their 
lands. This silicate has replaced modern organic structures of various 
kinds, but noticeably corals, echinoderms, nummulites, and other rhi- 
zopods. Tfhe fine tubulation and pores of these microscopic structures 
have been penetrated by the silicates, so tl}at, when the calcareous 
parts have been removed by acid, the insoluble glauconite residue 
shows us the forms of the chambers and cavities. This proceE-s of the 
infiltration of organisms by glauconite was known long before the dif;- 
covery of Eozoön. It goes on at the present day at the bottoms of 
tbe warmer seas, as evidenced in the facts discovered by the numerous 
deep-sea dredgings recently undertaken in. the interests of f:cience. 
Dr. IIunt suggests that the mineral is developed through chemical 
reactions in the ooze at the sea-bottom, a combination of dissolved 
silica with iron put into the ferrous soluble condition by means of or- 
ganic matter. 
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Hydrous silicates act as mineralizers elsewhere than in the green- 
sand. Crinoidal joints from the Silurian limestones of New Brunswick 
have been saturated by it, filling all the interstices, and small mollusks 
from '\Vales have had their interior permeated by it. There is much 
variation in the composition of these infiltrating siJicates. Some from 
the calcaire grossier, near Paris, approach serpentine. Others carry 
magnesia. Those from the Lower Silurian of the Upper :Mississippi 
Valley are like glauconite. In the Eozoön, as described above, ser- 
pentine, which is a hydrous silicate of magnesia, replaces the supposed 
sarcodous or animal part of the structure. It has thus corresponded 
to the glauconite of the present day filling the canals of the supple- 
mentary skeleton, tbe tubuli of the shell, and replacing the softer ani- 
mal portions. Pyroxene and Loganite also replace the animal matter 
in the Canadian Laurentian fossils, and in the :Eozoön discovered in 
-the supposed l\Iontalban series of Ontario carbonate of Hme is the min- 
eralizer. These last-named specimens were not described till 1867 ; 
and, as they exhibit the foraminiferal structure without the presence 
of any form of silicate, they completely establish the genuineness of 
the fossil. In Bavaria Gümbel states that chondrodite, hornblende, 
and scapolite, and perhaps other minerals, should be added to the list 
of silicates petrifying the Eozoön. 
The objections that have been made to the organic character of 
Eozoön relate chiefly to the close resemblances between mineral and 
organic replacement, or between })seudomorphs and petrifactions. 
Other resemblances are to dendritic and concretionary structures. In- 
asmuch as these structures represent the higher efforts of the mineral 
kingdom in crystallization and the nearest approach to the inorganic 
world allowed by animal forms, it is not strange that the two extremes 
should resemble each other sufficiently to deceive practical observers. 
The canal system may be almost the very picture of certain dendrites. 
The latter, however, usually occupy a flat surface like moss-agates; 
whereas the former branch out in every direction, as appears in Fig. 
5, projecting upward and downward, as well as sideways. 
. Organisms are preserved because of the more or less complete sub- 
stitution of mineral. for animal matter. Pieces of coal or wood that 
llave been deposited in clay may be washed out, but the small pores 
and interstices will be seen to be filled with the matrix. When the 
burial has been in a solution capable of precipitating solid matter, the 
wood will be found Inore or le8s changed according to the nature of 
the solution and its capacity for alteratioll. Some specimens become 
nearly pure agate in consequence of the gradual substitution, particle 
"by particle, of the organic matter by silica. Fig. 6 shows different 
stages of petrifaction in coniferous wood: a is a small fragment where 
the pores have been filled with silica, assuming a somewJmt rhomboidal 
appearance, and the black parts represent the woody substance, still 
intact; in b the vegetable matter is wanting, having rotted away, 
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and only silica remains, the rhomboidal pieces being the only remnants 
of the original structure. The Eozoön has not been so completcly 
fossilized as in tbe example of coniferous wood. The cell-wall and 
supplementary skeleton still. retain much of the original lime, while 
the animal part has been entirely replaced by serpentine or some othér 
mineral. 
ubsequent pressure or desiccation has produced cracks in 
the mass, which have been filled with an asbestus-like mineral of silky 
lustre, and this has sometimes been confounded with some lmrt of the 
animal by objectors. a b 
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FIG, 5.-CA
ALS OF EozoðN, HIGHLY 
MAGNIFIED. 


FIG. 6.-CONIFEROUS WOOD, ILLUSTRATIKG FOSSIL- 
IZATION. 
a, Partially mineralized. the white t==paces being sil- 
ica, the black vegetable matter; b, Vegetable 
matter removed hy decompotolition, leaving out- 
Jine of the furms of the ori
inal pores. 


Few special subjects bave been so carefully studied as the genuine- 
ness of Eozüon. The treatises of Logan, Dawson, Carpenter, and 
IIunt, admirably set forth every possible phase of geological position, 
intimate zoi.>logical structure and affinity, mineral character both ori- 
ginal and derived, and the conditions of origination. The elaborate 
papers of the objectors, l\Iessrs. IGng, Rowney, Carter, Burbank, and 
others, show what the weaker positions are, and have enabled the advo- 
cates to satisfactorily fortify the less defensible points of their argu- 
ments. Every new discovery seems to aid the defenders, while the 
philosophy of evolution is in harmony with the existence of a long 
Eozoöic age where the predominant life is scarcely elevated above the 
working of crystaliine forces. 
HURONIAN LIFE.-Gümbel has described a species of EozoÖn from 
the supposed IIuronian rocks of Bavaria. In this country Billings 
has mentioned the occurrence of an L1spidella anJ .Arenicolitcs from a 
series of Newfoundland rocks calleù " Intermediate," most probahly 
of this age. The Aspidella bears some rescmblance to the limp<,t-shell 
or Patella, while it may have heen some variety of erustaceau. The 
Arenicolites is a petrified worm-burrow. 
But the specimens of greatest interest are those brought to ligllt 
the present year by l\lr. George W. IIawes from the IIuronian of 
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New IIampshire. 1 The rocks have been carefully studied stratigraphi- 
cally and lithologically, so that their place in the column is well under- 
stood, and the fossil is so allied to the Eozoün as to abundantly con- 
firm all that has been held for it by its warmest ad vocates. 
As a matter of convenience Mr. IIawes proposes to call the group 
of rocks affording these organisms greenstones, in allusion to their 
color. They have not been melted like a certain class of traps once 
called by this name, but have been metamorphosed somewhat; they 
embrace most of the chloritic and talcose schists, or, technically, "all 
basic metamorphic rocks whose predominant coloring ingredient is 
either hornblende, pyroxene, or chlorite." Those of special interest to 
us now are varieties of diorite and di
base, the first consisting mainly 
of hornblende and feldspar, the seconcl adding labradorite to the con- 
stituents of the first-named rock. These rocl
s by many authors are 
- regarded as of igneous origin. 


FIG. 7.-PROTOZOAN FOSSIL, PROBABLY STROMATOPORA, FROM CONNECTICUT LAKE, N. II. 


The method of examination employed in determining tbe composi- 
tion of these greenstones is of some interest. A bit of the specimen 
is carefully ground to the tbinnest dimensions possible, so that it can 
be examined optically under the microscope. With common and 
polarized light it is possible to understand the nature of the minutest 
minerals present, as well as the cavities contained in them. The study 
of rocks in this way has been prosecuted so energetically of late, that 
it is common to speak of the sub-sciences micro-lithology, micro- 
petrology, etc., and the appearances of every mIneral are now well 
understood by those skilled in observation, so that the conclusions are 
often more reliable than those obtained by ultimate chemical analysis. 
Mr. Hawes combines in bis Rtudies the use of tbe microscope and chem- 


1 American Journal of Sc'ience, iii., vol. xii., p. 134. 
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ical analysis, so that whatcver cannot be dctcrmined in the one will be 
ascertained by the other method. 
He was accordingly gratified to recognize in one of his rock-sec- 
. tions the fragment of a rhizopod. The structure has some resem- 
blance to the acalcl'h Chætetes, but on account of the minuteness of 
the layers it sbould be classed with the rhizopods, reminding one vC'ry 
much of tbe Stromatopora. Figs. 7 and 8 illustrate these organisms 
magnified thirty-five diameters, thus making the breadth of the cells 
only m of an inch. The smaller figure is probably a section of the 
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FIG. 8.-PROTOZOAN FOSSIL, FROM HANOVER, N. H. 


same rhizopod, cut in a different direction. The rock Jwlding tIwsc 
fossiliferous bits is diabase, a variety common between Connecticut 
Lake and Bellows Falls, both in New Hampshire and ,-r ermont. 
Since the naming of Stromatopora by Goldfuss fifty years since, 
naturalists have separated the acaleph structures from the true coral
, 
but this genus is generally regarded as different from either of them. 
Prof. Hall described it as a polyp-coral in his" Paleontology of New 
York," but would not so regard it now. The most common form of 
it, as figured by him, is herewith presented (Fig. 9), from the Xiagara 
limestone of Lockport, occurring in masses one or two feet in diam. 
eter. It is a protozoan coral, assisting in the "Tork of reef-building, 
however, as much as the polyp-structures. By W3Y of comparison 
we add a figure of a bryozoan mollusk (Lichen alia concentrira), 
from the same formation and locality with the Stromatopora (Fig. 
10). The relations of our new Rpecimem;; are rather with the first of 
these forms, and will probably be described hereafter as species of 
Stromatopora. 
It is an interesting fact tl1at these" bye!' corals" have imprpssed 
the minds of all students of the Eozoün by their resemblances to tIle 
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FIG. 9.-STROMATOPORA CONCENTRICA. (Goldf.) 
1. Surface of a small hemi!'phcric mass, showing the edges of the thin laminæ unequaily weathered, 
natural f\ize. 
2. Magnified portion. !:'howing weathered edges of fluccesf'ive laminæ, which are indcnted by pores. 
3. More highly-magnified portion of the sp
cimen, showing the wans and tubulation. 


sponge animals, suhsisting through tbe passage of currents of water. 
The canal system, with tbe supplemental skeleton, is wanting in this 
genns, but appears in the allied forms of the Devonian. 
A very important feature of the greenstone fossils is their mineral 
composition. They are composed of silicates, very probably of feld- 
spar. J\Ir. Hawes has not heen able yet to satisfy himself fully as to 
the nature of the silicate, because of the smallness of the )Jarticles 
obtained. A drop of acid placed upon one of the specimens exhibiteel 
a slight effervescence, indicating the traces of carbonate of lime- 
perhaps part of the original foraminifer before its fracture and disper- 
sion in the mud. lIe suggests that the presence of these lime-struct- 
ures afforded the material for the manufacture of so much labradorite 
in the diabases containing the fossils. 
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I cannot forbear alluding to the interesting confirmation of the 
genuineness of Eozoün atforlled ùy the discovery of these Huronian 
fossils in New IIampshire: 1. Eozoün sprung upon us with affinities 
rather remote from existing forms, but the Stromatopora has been 
known for fifty years as a veritable organism. 2. The latter has t1.p 
same silicated condition with the former; lIenee we cannot set a
ide 
EOZOÖIl merely because the supposed animal parts have been infiltrated 
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FIG. 10.-LlCHENALIA CONCENTRICA. (Ball.) 
1. A nearly perfect frond. 
2, 3. 
nlargements of the non-ceI1uIiferou
 eide, showing the form and arrangement of the 
stIgmata. 


by a silicate. A well-known organism is proved to be silicated ; hence 
all presumption against the existence of the same mineral condition in 
a related animal is removed. 3. Stromatopora is zoölogicallyallied 
to Eozoön. 4. It appears in a subsequent period, sLowing a Ilatural 
order of developmpnt. 5. Stratigraphical and petrographical studies 
prove the greenstones to satisfactorily belong to the true Huronian 
formation, and thus make the sequence of life frec from ambiguity. 
EOZOIC GEOGRAPlIy.-Such vast periods are neces
arily involved 
in those early stages of the earth's growth, that we cannot portray 
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Eozoic scenery as a whole; while an artist would find material for 
only one sketch. At the first we must conceive of an earth with a 
larger diameter than is now accepted as the standard for the metric 
system of meas\ues; of a shallow ocean covering the greater portion 
of the surface, interspersed with numerous islands, scattered every- 
where without any method of arrangement that we understand. In 
the areas marked as Eozoie upon our maps, accumulations of strata 
were going on, of enormous thickness. 'Ve cannot recognize now 
the original land wbicb supported the primeval vegetation, but can 
conjecture the boundaries of the contiguous oceans. In the latter 
part of the period the areas of deposition occupied basins situated 
within the limits of the earlier.formed rocks, being usually the deeper 
portions of the original oceans. Ridges between the water-basins 
resulted from the slow elevation of the land, the nuclei of great 
_ mountain-ranges, and there were ejections of melted matter, with 
marvelous alterations of sediments deep down beneath the surface. 
Respecting the age as a whole, we may say that the waters were 
probably somewhat thermal, still simmering from the proximity of 
the heated interior; the air was thick and moist, partly composed of 
carbonic
acid gas; the sky was filled with dense clouds, marking the 
transition of day and night by periods of total darkness and seasons 
of feeble illumination, not permitting sunshine to cheer the vegeta- 
tion. The life was characterized by its lowness of grade; tbe terres- 
trial plants hardly suitable for the food of air-breathing animals; the 
marine largely of the lime-secreting varieties and unicellular diatoID8. 
The animals colonized the bottoms of the oceans, building up enor- 
mous reefs, but invisible to sight, if anyone could have been per- 
mitted to look upon the infant world. 


... 


TIIEORIES OF PRIMITIVE MARRIAGE. 1 


By HERBERT SPENCER. 


I N his ingenious and interesting work on "Primitive J\farriage," 
- the words "exogamy" and "endogamy" are used by l\lr. 
l\IcLennan to distinguish the two practices of taking to wife women 
belonging to other tribes, and taking to wife women belonging to the 
same tribe. As explained in his preface, his attention was drawn to 
these diverse customs by an inquiry into" the meaning and origin of 
the form of capture in marriage ceremonies;" an inquiry which led 
him to a general theory of early sexual relations. The following out- 


1 From advance-sheets of Spencer's" Principles of Sociology," Part" The Domestic 
R"lations," chap. iv., "Exogamy and Endogamy." 
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line of his theory I disentangle, as well as I can, from statements 
that are not altogether consistent. 
Scarcity of food led groups of primitive men to destroy female 
infants; because, "as braves and hunters were required and valued, 
it would be the interest of every horde to rear, when possible, its 
lwaltby male children. It would be less its interest to rear females, 
as they would be less capable of self-support, and of contrihuting, by 
their exertions, to tbe common good" (p. 165). 
l\Ir. l\IcLennan next alleges that" the practice in early times of 
female infanticide," "rendering women Bcarce, led at once to poly- 
andry within the tribe, and the capturing of women from without" 
(p. 138). 
Joined with a relStatement of the causes we come upon an inferred 
result, as follows: "The scarcity of women within the group led to a 
practice of stealing the women of other groups, and in time it came 
to be considered improper, because it was unusual, for a man to marry 
a woman of his own group" (p. 289). Or, as he says on p. 140, 
"usage, induced by necessity, would in time establish a prejudice 
among the tribes observing it (exogamy)-a prejudice, strong as a 
principle of religion, as every prejudice relating to marriage is apt 
to be-against marrying women of their own stock." 
To this habitual stealing of wives, and restealing of them, as 
among the Australians (p. 76), he ascribes that doubtful paternity 
which led to the recognition of kinship through females only. 
Though elsewhere admitting a mOl'e general cause for this primitive 
form of kinship (p. 159), he regards wife-stealing as its most certain 
cause, saying that" it must have prevailed wherever exogamy pre- 
vailed-exogamy and the consequent practice of capturing wives. 
Cel
tainty as to fathers is impossible where mothers are stolen from 
their first lords, and liable to be restolen before the birth of children" 
(p. 226). 
Assuming the tribes which thus grew into the practiee of wife- 
stealing to have been originally homogeneous in blood, or at least to 
have supposed themselves so, l\lr.l\IcLennan argues that the introduc- 
tion of wives who were foreigners in blood, joined with the rise of 
the fir8t defiuite conception of relationship (that between mother and 
child) and consequ('nt 8y
tem of kinship exclusively in the female 
line led to recoO'nized hl'teroO'eneit y within the tribe: there came to 
, b 0 
exi
1;, within the tribe, children regarded as belonging by blood to 
the tribes of their mothers. Hence arose another form of exogamy. 
The pri
itive requirement that a wife should be stolen from allot})er 
tribe, naturally became confounded with the requirement that a wife 
should be of the blood of another tribe; and hence girls born within 
the tribe, from mothers belonging to other tribes, became eligible as 
wives. The original exogamy, carried. out only by robbing other 
tribes of their women, gave place, in part, or whoUy, to the modified 
VOL. X.-18 
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exogamy carried out by marrying, from within the tribe, women bear- 
ing family names which implied that they were foreign in blood. 
In tracing the development of higher forms of the domestic rela- 
tions, 
Ir. J\lcLennan postulates, as we have seen, that the scarcity of 
women" led at once to polyandry within the tribe, and the capturing 
of womcn from without." Describing and iHustrating the different 
forms of polyandry, ending in that highest form in which the hus- 
bands are brothers, he points out that at this stage there arose recog- 
nition not only of descent in the female line, but also of descent in 
the male line; since the father's blood was known, if not the father. 
Then through gradually-established priority of the elder brother, 
as being the first of the group to marry, and the first likely to have 
children, it beeame an accepteù fiction that all the children were his: 
"the elder brother was a sort òf paterfamilias j" and" the idea of 
fatherhood" thus caused was a step toward kinship through males, 
and" a step away from kinship through females" (pp. 243,244). 
Pointing out that among some polyandrous peoples, as the I{an- 
dians, the chiefs have become monogamists, ]Ur. 1\IcLennan argues 
(p. 245) that their example would be .followed, and" thus would arise 
a practice of monogamy or of polygamy." And he thence traces the 
genesis of the patriarchal form, the system of agnntion, the institu- 
tion of .caste. 
Though this outline of 1\lr. 1\IcLennan's theory is exi)J"essed, where- 
ever regard for brevity permits, in his own words, yet possibly he 
may take exception to it, for, as already hinted, there are incongru- 
ities in his statements, and the order in which they are placed is in- 
volved. That many of the phenomena he describes exist, is beyond 
question. It is undeniable that the stealing of women, still habitual 
with sundry low races, was practised in the past by races now higher; 
and that the form of capture in marriage ceremonies prevails in so- 
cieties where no real capture occurs at present. It is undeniable that 
kinship through females is, among various primitive peoples, the only 
kinship avowedly récognized; and that it leads to the descent of 
name, rank, and property, in the female line. It if-; undeniable that in 
many places where wife-stp-a1ing is, or has been, the practice, marriage 
is forhiddcn between those of the same family name, who are assumed 
to be of the same stock. But while admitting much of the evidence, 
and while accepting some of the inferences, we shall find reason for 
doubting 1\11'. l\lcLennan's theory taken as a whole. Let us consider, 
first, the minor objections. 


Sundry facts inconsistent with his conclusion, though refcrred to 
by 1\1r. }IcLennan, he passes over as of no weight. He thinks there 
is warrant for the belief that exogamy and wife-capture have "been 
practised at a certain stage among every race of mankind" (p. 138) : 
this stage being the one now exemplified hy sundry low races. N ev- 
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ertheless, he admits that" the separate endogamous tribes are nearly 
a8 numerous, and they are in some respects as rudp, as the separate 
exogamous tribes" (p. 145). Now, if, as he believes, exogamy and 
wife-stealing have" been practised at a certain stage among eyery 
race of mankind "-that stage being the primitive one-and if, as he 
seeks to prove, endogamy is a form reachcd through a long series of 
social developments, it is difficult to understand how the endogamous 
tribes can be as rude as the exogamous ones. 
Again, he names the fact that "in some districts-as in the hills 
on the northeastern frontier of India, in the Caucasus, anù thc Jtill- 
ranges of Syria-we find a variety of tribes, proved, by phpdcal char- 
acteristic!': and the affinities of language, of one and the same oridnal 
stock, yet in this particular differing toto cælo from one anotl
er- 
some forbiùding marriage within the tribe, and some prescribing mar- 
riage without it" (pp. 147, 148): a fact by no means congruous with 
his hypothesis. 
Should J\Ir. J\IcLennan reply that on pp. 47, 48, he Ims recognized 
the possibility, or probability, that there were tribes primordially 
endogamous-should he say that on pp. 144, 145, will be found the 
admission that, perhaps, exogamy and endogamy "may be equally 
archaic," the rejoinder is that, besides being inconsistent with }1Ïs 
belief that exogamy has" becn luactised at a certain stage among 
every race of mankind," this possibility is one which he practically 
rejects. On pro 148-150, he sketches out a series of changes by" hich 
exogamous tribes may eventually become endogamous; and in sub- 
seqnent sections on the "Growth of Agnation," and "The TIisc of 
Endogamy," he tacitly asserts that endogamy has thus developed: if 
not without exception, still, generally. Indeed, the title of oue of his 
chapters-" The Decay of Exogamy in Advancing Communities "- 
clearly implies the belief that exogamy was gencral, if not ulliverf.ml, 
with the uncivilized; and that endogamy grew up along with civili- 
zation. Thus the incongruity between the propositions quoted in the 
last paragraph cannot be escaped. 
Sundry other of :l\lr. :McLennan's statements and inferences con- 
flict with one another. Assuming that, in the earliest state, tribes 
were stock-grGups "organized on the principle of cxogamy," he speaks 
of them as having" tbe primitive instinct of the race against marriage 
between members of the same stock" (p. 118). Yet, as we have seen 
3.,bove, he elsewhere spcaks of wife-capture as caused l)y scarcity of 
women within the tribe; and attrihutes to this "usage, induced by 
necessity," the prejudice ag-ainst "marrying women of their own 
stock." 1\Ioreovcr, if, as he says (and I bclil"-c rightly says) on p. 
145, "men must originally have been free of any prejudice against 
marriage between relations," it seems inconsistent to allege th:11 there 
was a "primitive instinct" "against marriage between members of 
the same stock." 
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Again, while in some places the establishment of the exogamous 
prejudice is ascribed to the practice of wife-stealing (pp. 53, 54, and 
136), it is elsewhere made the antecedent of wifc-stealing: interdict 
against marriage within the tribe was primordial. Now, if this last is 
1\'11'. 1\lcLennan's view, I agree with Sir J. Lubbock in thinking that 
it is "untenable. It cannot be assumed that in these earliest groups of 
men, with which 1\Ir. J\IcLennan commences, there were any estab- 
lished rules of marriage. Unions of the sexes must have preceded all 
social laws. The rise of a social law implies a certain preceding con- 
tinuity of social existence; and tbis preceding continuity of social 
existence implies the reproduction of successive generations. IIence 
reproduction, entirely unregulated by intm'dicts, must be taken as 
initi aI. 
Assuming, however, that of his two "Views 1\11'. 1\'IcLennan will abide 
by the more tenable one, that wife-stealing led to exogamy, let us ask 
how far he is justified. in alleging that female infanticide, and con- 
sequent scarcity of women, led to wife-stealing. At first sight it 
appeårs undenia.ble that destruction of infant girls, if frequent, must 
have been accompanied by a deficiency of adult females; and it seems 
strange to call in question the legitimacy of this inference. But :Mr. 

.1eLennan Las overlooked a concomitant. Tribes in a state of chronic 
hostility are constantly losing their adult males, and the male mor- 
tality so caused is usually considerable. lIenee the killing many 
female infants docs not necessitate paucity of womeu: it may merely 
prevent excess. Excess must, indeed, be inevitable if, equal numbers 
of males and females being reared, some of the males are from time 
to time slain. The assumption from which 1\11'. 1\IcLennan's argument 
sets out is, therefore, inadmissible. 
How inadmissible it is, becomes conspicuous on finding that, where 
wife-stea.ling is now practised, it is commonly associated with polygyny. 
The Fuegians, named by :\11'. l\lcLennan among wife-stealing peo}>les, 
are polygynists. According to Dove, the Tasmanians were polygy- 
nists, and Lloyd says that polygyny was universal among tbem; yet 
the Tasmanians were wife-stealers. The Australians furnish l\Ir. 
McLennan with a typical instance of wife-stealing and exogamy; and 
though 
lr. Oldfield aJIeges scarcity of women among them, yet other 
testimony is quite at variance with his. :l\1itchell says: "l\Iost of the 
mCll appeared to possess two [females], the pair in general consisting 
of a fat plump gin, and one much younger;" and, according to the 
Frenchman Peltier, named in the last chapter as having lived seven- 
teen years with the .J\Iacadama tribe in Queensland, the women were 
"more numerous than the men, every n1an having from two to five 
women in his suite," In North America the Dakotas are 
t once 
wi
e-stea1ers and pQlygynists, Burton tells us. In South America the 
Brazilians similarly unite these two traits; and among the Caribs 
they are especia11y associated. Writing of polygyny as practised on 
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the Orinoco, Humboldt says: "It is most considerable among the 
Caribs, anù all the nations tbat have presprved the cU8tom of carry- 
ing off young girls from the neighboring tribes." flow, then, can 
wife.stealing be ascribed to scarcity of women? 
A conyerse incongruity also mi1itates against l\lr. :McLennan's 
theory. Ilis position is that female infanticide, "rendering women 
scarce, led at once to polyandry witbin the tribe, and the capturing of 
women fronl without." But polyandry docs not, so far as I se(', dis- 
tinguish wife-stealing trihes. 'Ve do not find it among the above- 
named Tasmanians, Australians, Dakotas, Brazilians; and a1though 
it is said to occur among the Fuegians, and characterizes some of the 
Caribs, it is much less marked than their polygyny. Contrariwise, 
though it is not a trait of peoples who rob one another of their women, 
it is a trait of certain l'ude peoples who are habitually peaceful. 
There is polyandry among the Esquimaux, who do not even know 
what war is; there is polyandry among the Todas, who in no way 
aggress upon their neighbors 
Other minor difficulties might be dwelt upon. There is the fact 
that in many cases exogamy and endogamy coexist, as among the 
Comanches, the K ew-Zealanders, the Lep
has, the Californians. There 
is the fact that in sundry cases polygyny and polyandry coexist, as 
among the Fuegians, the Caribs, the Esquimaux, the 'V moans, the 
Hottentots, the ancient Britons. There is the. fact that there are fome 
exogamous tribes who have not the form of capture in marriage, 38 
the Iroquois and the Chippewas. But, not dwelling on these, I turn 
to certain cardinal difficulties, obvious a priori, which appear to me 
insuperable. 


Setting out with primitive homogeneous gronps, l\Ir. 
lcLennan 
contends that the scarcity of women caused by destruction of female 
infants compelled wife-stealing; and he thinks that this happened 
"at a certåin stage among every race of mankind" (p. 138). TIle 
implication is, therefore, that anum ber of adjacent tribes, usually be- 
longing to the same variety of .man in the same stage of progress, were 
simultaneously thus led to rob one another. But immediately we 'think 
of wife-stealing as a practice not of one tribe only, but of many trihes 
forming a cluster, there presents itself the question, Ilow was the 
scarcity of women thus remedied? If each tribe had fewer women 
than men, 110W could the tribes get wived by robbing one another? 
The scarcity remained the same: what one tribe got another lost. 
Bearing in mind the low fertility and great infant mortality among 
say ages, if there is a chronic deficiency of women and the tribes rob 
one another equally, the result must be diminished popnJation in all 
the tribes. If some, robbing ot1lers in excess, get enough wives, and 
leaye certain of the rest with very few, these must tend toward ex- 
tinction. And if the surviving tribes carryon the l}roc('
', there 
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appears no limit until the strongest tribe, continuing to supply itself 
with women from the less strong, finally alone survives aud has no 
tribes to rob. 
Should it be replied that female infanticide is, on the average of 
cases, not carried so far as to make the number of wives insufficient 
to maintain the aggregate population-should it be said that only 
exceptional tribes rear so few women as not to have mothers enough to 
produce the next generation-then we are met by a still greater diffi- 
culty. If in each of the cx()gamous tribes forming tbe supposed cluster 
the men are forbidden to marry wompn of their own tribe, and must 
steal women from other tribes, the implication is that each tribe 
knowingly rears wives for neighboring tribes, but not for itself. 
Though each tribe kills many of its female infants that it may not be 
at the cost of rearing them for its own benefit, yet it deliberately rears 
the remainder for the benefit of its enemies. Surely this is an inad- 
missible supposition. In proportion as the interdict against marry- 
ing women within the tribe is peremptory, the preservation of girls 
will be useles8 - worse than uselesf:;, indeed, since adjacent llOstile 
tribes, to whom they must go as wives, will be thereby strengthened. 
And as all the tribes, living under like interdicts, will have like mo- 
tives, they will all of tl1em cease to rear female infants. 
l'rlanifestly, then, exogamy in its original form can never have 
been anything like absolute among the tribes forming a cluster, but 
can bave been the law among some of them only. 


In his concluding chapter :Mr. l\IcLennan says that, "on the whole, 
the account which we have given of the origin of exogamy appears 
the only one which will bear examination" (p. 289). It seems to me, 
howeyer, that setting out with the postulate laid down by him, that 
primitive groups of men are habitually hostile, we may, on asking 
what are the concomitants of war, be led to a different theory, opcn to 
none of the objections above raised. 
In all times and places, among savage and civilized, victory is fol- 
lowed l)y pillage. Whatever portable things of worth tbe conquerors 
find, they take. The enemies of the Fuegians plunder them of their 
dogs and arms; pastoral tribes ill Africa have their cattle driven away 
hy conquering marauders; and peoples more advanced are robbed of 
their money, ornaments, and all valuable things that are not too heavy. 
The taking of women is manifestly but a })art of this process of spoil- 
ing the vanquished. 'Vomen are prized as wives, as concuLinEs, as 
drudges; and, the nwn having ùeen killed, the women are carried off 
along with the other n10vables. Eyerywhere amOl
g the uncivilized 
we find this. Turner tells us that" in Samoa, in dividing the spoil of 
a conquered l)eople, the women were not kiUed, but taken as wives." 
'Ve learn from 
Iitchell that in Australia, "on some whites telling a 
native that they had shot a man of another tribe, his only remark 
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was: 'Stupid white fellows! why did you not bring away the gins?'" 
And P. l\Iartyr says that among the caunibal Caribs in II is day" to 
eat women was consiJered unlawfuL . . . Tho
e who were captured 
young were kept for breeding, as we læep fowl, etc." .Early legends 
of the semi-civilized show us the sallle thiug; as when in the" Iliad" we 
read that the Greeks pluuJered "the sa
red city of Eëtion," and that 
part of the spoils" they divided among themselves" were the women. 
And there need no examples to recall the fact that in later and more 
civilized times successes ill bat:tle have been followed by transactions 
allied in character, if not the sanle in form. Hence it is obvious that, 
from the beginning down to comparatively late stages, women-stealing 
has been an incident of successful war. 
Observe, next, that the spoils of conquest, some of them prized 
for themselves, are some of them prized as trop}1Íefoi. Proofs of prow- 
ess are above all things treasured by the S3Yage. lIe brings back his 
enemy's scalp, like the North .American Indian. He dries and pre- 
serves his enemy's head, like the New-Zealander. He fringes bis robe 
with locks of hair cut from his slain foe. Among other signs of suc- 
cess in battle is return with a woman of the yauquished tribe. Be- 
yond her intrinsic value she has an extrinsic value. Like a native 
wife, she serves as a slave; but, unlike a native wife, she Serves also 
a3 a trophy. As, then, among savages, warriors are the honored 
members of the tribe-as among warriors the most honored are those 
whose bravery is best shown by achievements-the posf:ession of a 
wife taken in war becomes a badge of social Jistinction. lIenee mem- 
bers of the tribe thus married to foreign women are held to be more 
honorably married than those married to native women. 'Vhat must 
result? 
In a tribe not habitually at war, or not habitually succe
sful in 
war, no decided effect is likely to be produced on the marriage cus- 
toms. If the great majority of the men have native wive::;, the pres- 
ence of a few whose superiority is shown by having foreign wives 
will fail to change the practice of taking native wives: the lllajority 
will keep one another in counteuance. TIut if the tribe, becoming 
more successful in war, robs adjacent tribes of their women more fre- 
quently, there will grow" up the idca that the now-considerable claE1>s 
having foreign wives form the honorable class, and that those who 
have not proved their bravery by bringing back these living trolihies 
are dishonorable: non-possession of a foreign wife will comp to be 
regarded as a proof of cowardice. ....\n increasing amùition to get 
foreio-n wives will therefore arise. and as the numher of those who 
o , 
are without them decreases, the brand of disgrace attaching to them 
win grow more decided; until, in the most warlike tribes, it LCCOIDt'S 
an imperative requirement that a wife shall be obtained from another 
tribe-if not in open war. then by private abduction. 
A few facts showing that by savages proofs of courage are oftQn 
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required as qualifications for marriage, will carry home this conclu- 
sion. Herndon tens us that among the l\lahués a man cannot take a 
wife until he has submitted to severe torture. Bates, speaking of the 
Passés on the Upper Amazons, says that formerly" the young men 
earned their brides by valiant deeds in war." Before he is allowed 
to n1arry, a young Dyak must prove his bravery by bringing back 
the head of an enemy. Bancroft quotes Colonel Crf>mony as saying 
that when the Apache warriors return unsuccessful, "tbe women 
turn away from them with assured indifference and contempt. They 
are upbraided as cowards, or for want of skin and tact, and are told 
that such meu should not have wives." That, among other results of 
sentiments thus exemplified, abduction of women will be one, is ob- 
vious; for a man who, denied a wife till he has proved his courage, 
stea]s one, satisfies his want and achieves reputation at the same time. 
- If, as we Bee, the test of deserving a wife is in some cases obtainment 
of a trophy, what more natural than that the trophy should often be 
the stolen wife herself? What more natural than that where many 
warriors of the tribe are distinguished by stolen wives, the stealing 
of a wife should become the required proof of fitness to bave one? 
Hence would follow a })eremptory law of exogan1Y. . 
In so far as it implies that usage grows into law, this interpre- 
tation agrees with that of 1\1r. l\lcLennan. It does not, however, like 
his, assume either that this usage originated in a primordial instinct, 
or that it resulted from scarcity of women caused by infanticide. 

Ioreover, unlike l\Ir. :l\IcLennan's, the explanation so reached is con- 
sistent with the fact that exogamy and endogamy in many cases exist; 
and with the fact t.hat exogamy often coexists with l)olygyny. 
Further, it does not involve us in the difficulty raised by supposing a 
peremptory law of exogamy to be obeyed throughout a cluster of 
tribes. 


But can the great prevalence of the form of capture in marriage 
ceremonies be thus accounted for? l\Ir. 1\IcLennan belie yes that, 
wherever this form is now found, complete exogamy once prevailed. 
Examination wilJ, I think, show that the implication is not necessary. 
There are several ways in which the form of capture naturally arises; 
or rather, let us say, it has several conspiring causes. 
If, as we have seen, there still exist rude tribes in which men fight 
for possession of women, the taking possession of a woman naturalIy 
comes as a sequence to an act of capture. That monopoly which con- 
stitutes her a wife in the only sense known by the primitive man is a 
result of successful violence. Thus the form may originate from act- 
ual capture within the tribe instead of originating from actual capt- 
ure without it. 
Beyond that resistance to a man's séizure of a woman apt to be 
made by other men within the tribe, there is the rpsistance of the 
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woman herself. Sir John Lubbock expresses tIle opinion that female 
coyness is not an adequate cause for the establishment of the form of 
capture; and it may be that, taken alone, it does not suffice to ac- 
count for e\"erything. But there are reasons for thinking it an impor- 
tant factor. Here are some of them. Crantz tells us concerning the 
Esquimaux that, when a damsel is asked in marriage, she- 
"directly falls into the greatest apparent consternation, and runs out-of-doors 
tearing her bunch of hair; for single women always affect the utmost bashful- 
ness and aversion to any proposal of marriage, lest they should lose their repn- 
tation for modesty." 


Like behavior is shown by Bushmen girls. 'V hen- 
" a girl has grown up to womanhood without llaving previously been betrothed, 
her lover must gain her own approbation, as well as that of the parents; and on 
this occasion his attentions are received with an affectation of great alarm and 
disinclination on her part, and with some squabbling on the part of her friends." 
Again, among the Sinai Arabs, says Burckhardt, a bride- 
"defends herself with stones, and often inflicts wounds on the young men, 
even though she does not dislike the lover; for, according to custom, the more 
she struggles, bites, kicks, cries, and strikes, the more she is applauded ever after 
by her own companions." During the procession to the husband's camp, "de- 
cency obliges her to cry and sob most bitterly." 


Of the J\Iuzos, Piedrahita narrates tbat after agreemf'nt 
 ith tbe par- 
ents was made- 
"the bridegroom came to see the bride, and staid three days caressing her, 
while she replied by beating him with her fists and with sticks. After these 
three days she got tamer, and cooked his meals." 
In the
e cases, then, coyness, either real or affected for reputation's 
sake, causes resistance of the woman hprself. In other cases there is 
joined with this the resistance of her female friends. We read of the 
Sumatran women that" both the bride and her female relatives make it 
a point of honor to prevent (or appear to prevent) the bridegroom from 
obtaining his bride." · On the occasion of a marriage among the 
Araucanians, Smith tells us that" the women spring up en masse, and 
arming themselves with clubs, stones, and missiles of all kinds, ru
h to 
the defense of the distressed rnaiilen. . . . It is a point of honor with the 
bride to resist and stru g O'le however willina' she ma y be." And once 
o , 
 
more we learn from Grieve that when a Kamtchatkan "bridegroom 
obtains tbe liberty of seizing his bride, he seeks every opportunity of 
:finding her alone, or in company of a few people, for during this time 
all the women in tJ1e village are obliged to protect her." 
He.re we have, I think, proof that one origin of the form of capture 
is feminine opposition-primarily of the woman herself, and second- 
arily of female friends who naturally sympathize with her. Though 
the manners of the inferior races do not imply much coyness, yet we 
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cannot suppose coyness to be wholly absent. lIenee tbat amount of 
it which really exists, joined with that further amount simulated for 
reputation's sake, will make resistance, and consequently capture, nat- 
ural phenomena. JUoreover, since a savage makes his wife a slave, 
and usually treats her brutal]y, she has an aLlditional motive for re- 
sistance. 
N or does forcible opposition proceed only frOln the girl and her 
female friends: the male members of her family also are likely to be 
opponents. A woman is of value not only as a wife, but also as a 
daughter; and all through, from the lowest to the highest sÌ<.lges of 
social progress, we find a tac:t or avowed claim to her services by her 
father. It is so even with the degraded Fuegians: an equivalent in 
the shape of service rendered has to be given for her by the youth, 
"such as helping to make a canoe." It is so with numerous more ad- 
yanced savages all over the world: there is either the like giving of 
stipulated work, or the giving of a price. And we have evidence that 
it was originally so among ourselves: in an action for seduction the 
deprivation of a daughter's services is the injury alleged. lIenee it is 
inferable that in the rudest states, where claims, parental or other, 
are but little regarded, the taking away of a daughter is likely to 
becOlne the occasion of a fight. Facts snpport this conclusion. Of the 
AraucanÏalls Smith tells us that, wqen there is opposition of the parents, 
" the neighbors are immediately summoneù by blowing the horn, and 
chase is given." "Among the GÚndors, a tribe on the southern shores of 
the Ca
pian Sea, the bridegroom must run away with his bride, although 
he therehyexposes himself to the vengeance of her parents, who, if 
they find him within three days, can lawfully put him to death." And 
we read concerning the Gonds that" a suitor u
ually carries off the 
girl that is refused to him by the. parents." Thus we find a further 
natural canse for the practice of capture-a cause which must have 
been common before social usages were well established. Indeed, on 
reading that among the J\Iapuchés the man sometimes" lays violent 
hands upon the dalnsel, and carries her off," and that" in all such 
cases the usual equivalent is afterward paid to the girl's father," we 
may suspect that abduction, spite of parents, was the primary form; 
that there came next the making of compensation to escape vengeance; 
that this grew into the making of presents beforehand; and that so 
resulted eventually the system of purchase. 
If, then, within a tribe there are three sources of opposition to the 
appropriation of a woman by a man, it does not seem that the form 
of capture is inexplicable nnless we assume the abduction of women 
from other tribes. 
But even supposing it to have originated in tbe capture of foreign 
women, its survival as a form of marriage would not prove exogamy 
to have been the law. In a tribe whose warriors had many of them 
wives taken from enemies, and who, as having captured their wives, 
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were regan1eJ as Inore hOIlOl<"Lbly married than the rest, thcre would 
resuh all ambition, if not to capture a wife, stilI to seem to capture a 
wife. In every society the inferior ape the superior; aud customs thus 
spread among classm
, the ancestor8 of which did not ob
erve them. 
The antique-looking l)ortraits that decorate many a modern, large 
house, by no Ineans demonstrate the distinguished ancestry of the 
owner; hut may merely simulate a distinguished ancestry. The coat 
of arms a wealthy man bears does not necessarily imply descent from 
men who onee had their shields and flags covered by such marks of 
identity. The plumes borne on a hearse do not prove that the dead 
occupant had forefathers who wore knightly decorations. And, t:;imi- 
larly, it does not follow that all the members of tribes who go through 
the form of capturing their wives at marriage are descendants of lllcn 
who in earlier days actually captured their wives. 1\Ir. 1\J cLennan 
himself points out that, among sundry ancient péoples, cal)tured wives 
wen
 permitted to the military class, though not to other classes. If 
we suppose a soeiety formed of a dominant military class, originally 
the conqnerors, who practised wife-capture, and a /Subject c1ass who 
could not practise it-and if we ask what would happen when such a 
society fell into more peaceful relations with adjacent like societies, 
and obtained wives from them no longer by force, but by purchase 01' 
other friendly arrangement-we may see that, in the first place, the 
form of capture would replace the actuality of capture ill the mar- 
riages of this dominant class; for, as :Mr. l\lcLcÌman contend
, con- 
formity to ancestral usage would necessitate the simulation of capture 
after actual capture has ceased. And when, in the dominant class, 
wife-capture had thus passed into a form, it would be imitated by the 
subject class as being the most honorable form. Such among the 
inferior as had risen to superior social positions would first adopt it; 
and they would gradually be followed by those below them. So that, 
even were there none of the other probable origins nameù above, a 
surviving form of capture in any society would not neces
arily show 
that /Society to have been exogamous, but would merely show that 
wife-capture was in early times practised by its leading men. 


Autl now, pursuing the argnment, let us see whether exogamy and 
endogamy are not simultaneously accollnted for as correlative results 
of the same differentiating process. Setting out with a state in 
yhich 
the relations of the sexes were indefinite, variable, and determined by 
the passions ana circumstances of the occasion, we bave to explain 
how exogamy and endogamy became established, the one hl.re, the 
otþer there, as consequences of surreunding conùitions. The <>fficient 
conditions were the relations to other tribes, now peaceful but mostly 
hostile some of them strong, and some of them weak. 
K e
essarily, a primitive group not commonly at war with neigh- 
boring groups must be endogamous; for the taking of wOlllen from 
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other tribes is either a sequence of open war, or is an act of private 
war which brings on open war. Pure endogamy, however, resulting 
in this manner, is probably rare, since the hostility of tribes is almost 
universal. But endogamr is likely to characterize not peaceful groups 
alone, but also groul)s habitually worsted in war. An occasional ab- 
ducted woman taken in reprisal will not suffice to establish in a weak 
tribe any precedent for wife-capture; but, contrariwise, a member of 
such a tribe who carries off a woman, and so provokes vengeance by 
the stronger tribe robbed, is likely to meet with general reprobation! 
Hence marrying in the tribe will not only be habitual, but there will 
arise a prejudice, and eventually a law, against taking wives from 
other tribes; the needs óf self.preservation will make the tribe endog- 
amous. This interpretation harmonizes with .the fact, admitted by 
1\lr. l\IcLennan, that the endogamous tribes are as numerous as the 
-exogamous; and also with the fact he admits, that in sundry cases 
clusters of tribes allied by blood and language are some of them ex- 
ogamous and some endogamous. 
It is to be inferred that, among tribes not differing much from one 
another in strength, there will be continual aggressions and reprisals, 
accompanied by mutual robberies of women. Noone of them will be 
able to supply itself with wives entirely at the expense of adjacent 
tribes, and hence, in each of them, there will be both native wives, 
and wives taken from other tribes-there will be both exogamy and 
endogamy. Stealing of wives will not be reprobated, because the 
tribes robbed are not too strong to be defied; and it will not be in- 
sisted on, because the men who have stolen wÍ\Tes wiJl not be Dumer- 
ous enough to determine the average opinion. 
If, however, in a cluster of tribes, one gåins predominance by fre- 
quent successes in W:lr-if the men in it who have stolen wives come to 
form the larger number-if the possession of a stolen wife becomes a 
mark of that bravery without which a man is not worthy of a wife- 
then the discreditableness of marrying within the tribe, growing into 
disgracefulness, will end in a peremptory requirement to get a wife 
from another tribe-if not in open war, then by private thefl: the 
tribe will become exogamous. A sequence may be traced. The ex- 
ogamous tribe thus arising, and growing while it causes adjacent tribes 
to dwindle by robbing them, will presently divide; and its sections, 
usurFling the habitats of adjacent tribes, will carry with them the es- 
tablished exogamous habit. Wben, presently becoming hostib, these 
diverging sub-tribes begin to rob one another of women, there will 
1 Since the above sentence was written, I have, by a happy coincidence, come upon a 
verifying fact, in the just-published U Life in the Southern Isles," by the Rev. Mr. Gill 
(p. (7). A man, belonging to one of the tribes in Mangaia, stole food from an adjacent 
tribe. This adjacent tribe aveng
d itself by destroying the houses, etc., of the thiefs 
tribe. Thereupon the thiers tribe, angry becanse of the mischief thus brought upon 
them, killed the thief. If this happened with a stealer of food, still more would it be 
likely to happen with a stealer of women, when the tribe robbed was the more powerful. 
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arise comlitiolJ8 conducive to that internal e
ogamy which :Mr. Mc- 
LCIlllau supposcs, rightly I think, to replace external exogamy. 1"or, 
unless we assume that, in a cluster of tribes, each will uudertake to 
rear women for adjacent tribes to steal, we mu
t cOlJcluùe that tbe 
exogamous requirement will be met in a qualified manner. \Yives 
born within the tribe, hut foreign by blood, will, uIH.1er pres::;ure of the 
difficulty, be considered allowable, instead of actually stolen wives. 
And thus, indeed, that kinship in the female line, which primitive 
irregularity in the I.elations of the sexes originates, will become estab- 
lished, even though male lxtrenthood is known; since tlJis interpreta- 
tion of kinship will luake possible conformity to a law of connulJium 
that could not otherwise be obeyed. 


Nothing of much importance is to be said respecting exogamy anù 
endogam y in their general bearings on social life. 
Exogamy in its primitive form is clearly an accompaniment of the 
lowest barbari
m; and it decreases as the hostility of societies becomes 
less constant, and the usages of war mitigated. That the implied 
crossing of tribal stocks, where these tribal stocks are ,'ery small, 
may" be advantageous, physiologically, is true; and exogamy may so 
secure a benefit which at a later stage is secured by the mingling of 
conquering and conquered tribes; though none \\ ho bear in mind the 
thoughtlessness of savages will suppose such a benefit to haye been 
contemplated. But the exogamous custOlll, as at first estab1ished, 
implies an extremely ahject condition of women; a brutal treatment 
of them; au entire absence of the higher sentiments that accompany 
the relation of the sexes. .Associated with the lowest type of political 
life, it is also associated with the lowest type of domestic }ire. 
Evidently endogamy, which at the outset must have characterized 
the more l)eaceful groups, and which has prey ailed as so<,ieties Im\ e 
become less hostile, is a concomitant of the higher forms of the family. 


.1. 


PROFESSOl
 IIUXLEY'S LECTURES.! 


III. 
TRE DEMONSTRATIVE EVIDEYCE OF EYOLUTIOX. 
I N my last lecture, I had occasion to place before you ev!dcnce de- 
rived from fossil remains, which, as I stated, was perf<.'ct1y con- 
sistent with the doctl.ine of evolution, ill fact, was fayorable to it, but 
could not be regarded as the highest kind of eviùence, or as that sort 
of evidence that we call demonstrative. 
1 The last of three lectures on "The Direct Evidence of Evolution," de1i'\"ered at 
Chickering Hall, N ew York, September 20th. From the report of the .L'
('W YQJ-k Tribunt, 
carefully revi:::ed by Prof_ Huxley. 



286 THE POPULAR SCIE.1VCE .JfOJ..VTJ/Ll r . 


I pointed out, in fact, that, as we go back in time, the great inter- 
vals which at present separate some of the larger divisions of ani- 
mals become more or less completely obliterated by the appearance 
of intermediate forms, so that if we take the particular case of reptiles 
and birds, upon which I dwelt at length, we find in the mesozoic rocks 
animals which, if ranged in series, would so completely bridge over 
the interval between the reptile and the bird that it would be very 
hard to say where the reptile ends and where the bird begins. Evi- 
dence so distinctly favorable to evolution as thiR is far weightier than 
that upon which men undertake to say that they believe many im- 
port::mt propositions; but it is not the highest kind of e\"iùence at- 
tainable for this reason, that, as it happens, the intermediate forms 
to which I have referred do not occur in the Etxact orùer in which 
they ought to occur, if they really had formed steps in the progression 
from the reptile to the bird; that is to say, we find these forms in 
contemporaneous deposits, whereas the requirements of the demon- 
strative evidence of evolution demand tbat we should find the series 
of gradations between one group of anin1als and another in such order 
as they must have followed if they had constituted a succession of 
stages, in time, of the development of the form at which they ulti- 
mately arrive. In other words, the complete evidence of the evolu- 
tion of the bird from the reptile-wl:at I call the demonstrative 
evidence, because it is the highest form of this class of evidence; that 
evidence shouh1 be of this character, that in some ancient formation 
reptiles alone should be found; in some later formations birds should 
first be met with; and in the intermediate strata we should discoyer 
in regular succession those forms which I pointed out to you which 
are intermediate between reptiles and birùs. 
The proof of evolution cannot be complete until we ha\"e obtained 
evidence of this character, and that evidence has of late years been 
forthcoming in considerable and continually increasing quantity. 
Indeed, it is somewhat surprising how large is the quantity of that 
evidence, and how satisfactory is its nature, if we consider that our 
obtaining such evidence depends upon the occurrence in a particular 
locality of an undisturbed series deposited through a long l'eriod of 
time, which requires the further condition that each of these deposits 
should be such that the animal remains imbedded in them are not 
much disturbed, and are imbedded in a state of great preservation. 
Evidence' of this kind, as I have said, has of late years been accumu- 
lating largely, and in respect to many divisions of the animal king- 
dom. But I will select for my present purpose only one particular 
case, which is more adapted to the object I have in view, as it l:elates 
to the origin, to what we may call the pedigree, of one of Ot1r most 
familiar domestic animals-the horse. But I may say that in Bpeak- 
ing of the origin of the horse I shall nse that term in a general sense 
as equivalent to the technical term Equ'lls, and meaning not what you 
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ordinarily understand as such, but also asses and their modification
, 
zebras, etc. The horse is in many waJTs a most remarkable animal, 
inasmuch as it presents us with an example of one of the most perfect 
pieces of machinery in the animal kingdom. In fact, among mammals 
it cannot he sai(l that there is any locomotive so perfectly adal)t
d to 
its purposes, doing so much work with so sma]! a quantity of fuel, as 
this animal-the horse. And, as a necessary consequence of any sort 
of perfection, of mechanical pcrfection as of others, you find that the 
horse is a beautiful creature, one of the most beautiful of all land- 
animals. Look at the perfect balance of its form, and the rhythm 
and perfection of its action. The locomotive apparatus is, as yúu are 
aware, resident in its slender fore and bind limbs; they are flexible 
anù elastic leyers, capable of being moved by v
ry powe!'flll muscles; 
and, in order to supply the engines which work these levers with the 
force which they expend, the horse is provided with a v
ry perfect 
feeding apparatus, a very perfect digestive apparatus. 
Without attempting to take you very far into the region of osteo- 
logical detail, I must nevertheless-for this question depends upon 
the comparison of 6uch details-trouùle you with some })Oillts respect- 
ing the anatomical structure of the horse, and more especially with 
those which refer to the structure of its fore and hind limbs. But I 
shall only touch upon those points Thich are ahsolutelyessential to 
the inquiry that we have at present put. Here is thp fore-leg of a 
horse: The bone which is cut across at this lJOint is that "hich 
answers to the upper-arm bone in my arm, what you would call the 
humerus. This bone corresponds with my forearm. 'Yhat we com- 
monly term the knee of the horse is the wrist; it answers to the wrist 
in maH. This part of the hor
e's leg answers to one of tlw human 
fingers, and the hoof which covers this extended joint an!iìwers to one 
of my nails. 
You observe that, to all appearance, t!lere is only oue bone in th(1 
forearm. Nevertheless, at the npper end I CflIl trace two 8eparate 
portions; thi
 part of the limb, and the one I am now touching. But 
as I go farther down it runs at the haek part into the general bone, 
and I ceaRe to be able to trace it beyond a certain point. This large 
hone is what is termed the radius, and answers to the bone I am touch- 
ing in my arm, and this other portion of bone corresponds to what is 
called the ulna. To all appearance in the forearlU of the horse the 
ulna is rudimentary, and seems to he fused into one bone with the 
radius. 
It looks thus as if the ulna, running off below, came to an end, 
and it very often happens in works on tlw anatomy of the hor
c that. 
yOU find these facts are referred to, and a bor
e is 8
i(1 to have nn im- 
perfect ulna. But a ear('fuI examination shows you that the lower 
extremity of the ulna is not wanting in the horse. If you examine a 
very young horse's limb you will find tbat this portion of the bone I 
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am now showing you is separable from the rest, and only unites as 
the animal becomes older, and this is, in point of fact, the lower ex. 
trmuity of the ulna; so that we may say that in the horse the middle 
part of the ulna becomes rudimentary and unites with the radius, and 
that the lower extremity of the ulna is so early united with the lower 
extremity of the radius that every distinct trace of separation ha5 
vanished in the adult. 
I need not trouble you with the structure of this portion that 
answers to the wrist, nor with a more full description of the singular 
peculiarities of the part, because we can do without them for the 
present, but I will go 011 to a consideration of the remarkable series 
of bones which terminates the fore-limb. 'Ve have one continuous 
serips in the middle line which terminates in the coffin-bone of the 
horse upon which the weight of the fore-part of the body is sup. 
- ported. This series answers to a finger of my hand, and there are 
good reasons-perfectly valid and convincing reasons, which I need 
not stay to trouble you with-which prove that this answers to the 
third finger of my haud enormouRly enlarged. 
And it looks at first as if there were only this one finger in the 
horse's foot. But, if I turn the skeleton round, I find on each side a 
bone shaped like a splint, broad at the upper and narrow at the lower 
end, one on each side. And th<?se bones are obviously and plainly 
and can be readily shown to be the J:udimellts of the bones which I 
am now touching in my own hand-the metacarpal bones of the sec. 
ond and of the fourth finger-so that we may say that in the horse's 
fore-limb the radius and ulna are fused together, that the middle part 
of the ulna is excessively narrow, and that the foot is reduced to the 
single middle finger, with rudiments of tbe two other fingers, one on 
each side of it. Those facts are represented in the diagram I now 
show you of the recent horse. Here is the fore-limb (pointing to the 
diagram), with the metacarpal bones and the little f'pJint-bones, one 
on each side. It sometimes happens that by way of a monstrosity 
you n1ay have an existing horse with one or other of these toes-that 
is, provided with its terminal joints. 
Let me now point ont to you what are the characteristics of the 
hind-limb. This (pointing to the diagram) is the shin-bone of the 
horRe, and it appears at, first to constitute the whole of the It>g. But 
there is a little splint at this point which is the rudiment of the small 
bone of the leg-what is called the fibula-and then there is con- 
nected with the lower end of the tibia a little nodule which represents 
the lower end of the fibula, in just the same way as that Httle nodule 
in the fore-limb represents the lower end of the ulna. So that in the 
leg we have a modification of the same character as .that which exists 
in the fore-limb-the suppression of the greater part of the small 
bone of the leg and the union of its lower end with the tibia. So, 
again, we find the same thing if we turn to the remainder of the leg. 
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This (showing) is the heel of the horse, and }wfe is the gn'at mC'ùian 
toe, anoswering to the third toe in our o\\:n foot; alld here we have 
upon each side two little E-plint-bOIws, jUf.t as in the forc-limù, wllÏch 
rppresent the rudiments of the second and the fourth toes.-rudiments, 
that is to f::ay, of the metatarsal hones, the remnining bones having 
altogether vanished. Let me beg your attention to these peculiar- 
ities, because I shall have to refer to them by. and-by. The result of 
this moùification is, that the fore and hind limbs are con\'erted into 
long, solid, springy, elastic levers, which are the great inl:;truments 
of locomotion of the horse. 
As might be expected, and as I have already said, tIle apparatus 
fo." providing this machine with the fuel wl1Ïch it requires is also of a 
very highly differentiated character. A horse has, or rather may 
have, forty-four teeth, but it rarely har11ens tllat in our existing horses 
yon finù more than forty-for a reason which I will communicate di- 
rectly-and in a mare it commonly happens that yon find no more than 
thirty-six, because the" tushes," or canine teeth, of the mare are raTely 
developed. Then there are some curious peculiarities about these teeth. 
As everyone who bas had to do 
ith horses kIlOWS, the cutting 
teeth-the incisors-are 
ix above and six below, and those incisors 
present what is called a "mark;" at least, that mark is usually pres- 
ent in horses up to a certain age. It is a sort of dark patch across 
the middle of the tooth. The p."esencc of that <lark {'atch arises from 
a great peculiarity in the structure of the }lOrse's incisor tooth. It is 
in fact consi.Jerably curveù, with a deep pit in the middle of the 
crown, and then a long fang. In the young foal this pit is very dEep. 
As the animal feeds, this pit becomes filled np with its fodder, that 
fodder becomes more or less carbonized, and then )'('tl IJa\e the dark 
mark, and the rea
on the dark mark serves as an indication of age, 
for, as the horse feeds, this is more and more wor}J down, until at last, 
in an aged horse, the tooth is worn beyon(l the bottom of the pit, and 
the mark disappears. Then, as I said, the mnle horse gf'ner:JIly has 
canine teeth. "Ve need not notice tbeir strueture P:l1 tit ularly. Fol- 
lowing that, you may occasionally notice a very small alld rudimen- 
tary tooth, hut it is very often absent. It really repreFents the first 
tooth of the grinding series. Theil tlJere follow six great teeth, with 
exceedingly Jong- crowns. The crowns, in fact, are EO long that the 
teeth take a very long time to wear down, whence ari
es the possi- 
bility of the great age to which horses sometimes attain. This is 
shown in the siLle diagram. Then the pattC'cn and structure of a 
horse's tooth are vt'ry curious. The crown of the hor8e's tooth pre- 
sents a very complic3.ted pattern; that is to say, snppo
ing this to be 
one of the grinders of the left si(le (il1ustrating) aboye, tlH
re is a kind 
of wall like a double crescent. Then there are two other cre
cent8, 
which fall in that direction and the
e are complicated hy folds, and 
, . 
all the spaces between these crescentic ridges arC' fil1C'd up by a kmd 
\"(H.. x.-19 
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of bony matter which is calIed cement. Consequently the surface of 
the tooth is composed of very uneven materials-of the hard mass of 
the tooth, which is called dentine, then a very much lmrder enamel, 
and a softer cement between, the practical effect of which is the same 
as the lamination of the millstone. In consequence of the lamination 
of the millstone the ridges wear less swiftly than the intermediate 
substance, and therefore the surface always keeps rough anù exerts 
a crushing effect upon the grain. The same is true of the horse's 
tooth, and consequently the grinding of the teeth one against the 
other, instead of flattening the surface of the teeth, tends to keep 
them always irregular, and that has a very great influence npon the 
rapid mastication of the hard grain or the hay upon which the 
horse su Qsists. 
I think that will suffice as a hrief indication of some of the most 
important peculiarities and characteristics of the horse. If the hy- 
pothesis of evolution is true, what ought to happen when we investi- 
gate the history of this animal? 'Ve know that the mammalian type, 
as a whole-that mammalian animals-are characterized by the pos- 
session of a perfectly distinct radius and ulna, two separate :.md dis- 
tinct movable bones. 'Ve know, furthe
, that mammals in general 
possess five toes, often unequal, but still as completely developed as 
the five digits of my band. 'Ve know further that the geueral type 
of mammal possesses in the leg, not only a complete tibia, but a com- 
plete fibula-a complete, distiuct, separable bonc. l\Ioreover, in the 
hind-foot we find, ill animals in general, five distinct toes, just as we 
do in the fore-foot. lIence it follows a differentiatea animal like the 
horse must have proceeded by way of evolution or gradual modifica- 
tion from a form possessing all the characteristics we find in mam- 
mals in general. If that be true, it follows that if there be anywhere 
preserveù in the scries of rocks a complete history of the horse, that 
is to say of the various stages through which he has passe<l, those 
stages o,ught gradually to lead us back to some sort of animal which 
possessed a radius, and an ulna, and distinct complete tibia and fibula, 
and in which there were five toes upon the fore-limb, no less than 
npon the hind-limb. J\loreover, in the average gcneral mannnalian 
type, the higher mammalian, we find, as a constant rule, an approxi. 
mation to the number of forty-four complete teeth, of which twelve 
are cutting teeth, four are canine, and the others arc grinders. In 
unmodified mammals we find the incisors have no pit, and that the 
grinding tecth, as a rule, increase in size from t.hat which lies in front 
toward those which lie in the middle or at the hinder part of tbe series. 
Consequently, if the thcory of evolution be correct, if that hypotlw- 

is of the origin of living things llave a foundation, we onght to find 
in the series the forms which have preceded the horse, animals in 
which the mark upon the incisor gradually more and more disappears, 
animals in which the canine tceth are present in both sexes, ana ani- 
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mals in which the teeth gradually lose the complicatious of their 
crowus anJ have a simpler and shorter croWll, while at the same time 
they gradually increase in size from the anterior cud of the serics 
towanJ. the posterior. l..et us turn to the facts and see how they hear 
upon the requirements of this doctrine of evolution. 
In what is callca here the Pliocene formation, that which conf-ti- 
tutes almost the uppermost divi:5ion of the tertiary serit,s, we filld the 
remain::; of horses. 'Ye also fill<.l in Europe abundant remains of horses 
in t he most superficial of all thp
e formations-that is, the post-ter- 
tiary, wlJich immediately lies above the Pliocene. But these hon
e8, 
which are abundant ill the cave-deposits and in tIle gravpls of Eng- 
lallJ and Europe-these horses, of which we know the anatomical 
structure to perfection-are in all essential respects lik{- existing horst-so 
And that is true of all the horses of the latter part of the rlioccne 
epoch. But in the earlier Pliocene and later }Iiocene epoch, in del'o
- 
its which belong to that age, and which occur in Germany and in 
Greece, in India, in Britaill, and in France, we filld animals which are 
like horses in all the ef'.sentiallmrticulars which I have jU8t descriLed, 
and the gencral character of which is so entirely like that of the horse 
that you may follow descriptions given in works upon the allatomy of 
the horse upon the skeletolls of these animal
. But they difter in 
some important particulars. There is a difference in the structure of 
the fore and hind limb, anù that difference cOllsists ill thir-;, that the 
bones which are here represented by two splints, imperfect he low, are 
as long as the midùle metacarpal bone, and that attached to the e.1.- 
tremity of each is a :-:mall toe with its three joints of the f'ame general 
character as the middle toe, only very much smaIler, and so di
l'os('d 
that they could have had but very little functional importance, and 
that they lllust have been rathel. of the nature of the dew-claws snell 
a
 are to l)e found in many ruminant animals. This Ilip}J((rion, or 
European three-toed horse, in fact presents a foot similar to that which 
)TOU see here represented, except that in the European IIijJpariun 
these smaller fingers are farther back, and these lateral toes are of 
smaller proportional size. 
But nevertheless we hare here a horse ill whic1) the lateral toes, 
almost abortive in the existing 11or:-e, :ue fully d('yelo}>( d. On care- 
ful investigation you find in these animals tbat also in the fore-limb 
the ulna is very thin, yet is traceable down to the e
tremity. In the 
hinel-limb yon find that the fibula is lwetty much as in the existing 
horse. That is the kind of equine animal which you meet "ith in 
these older Pliocene and latcr )Iiocene formations, i
l which the mod- 
ern horse is no longer 111et with. So you 8ee that the IIipparion is 
the form that iínmediately preceded the horse. :Sow let us g:o a step 
farther ùack to the middle and older parts of which 
ue called the 
.Miocene formation. There you find. in 
ome parts of Europe the 
equine animals which lliffer e
sentially fl'om the modern horse, though 
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they resemble the horse in the broad features of thcir org:-.nization. 
They differ in the characters of their fore and hind limbs, and present 
important features of difference in the teeth. The forms to which I 
now refer are what constitute the genus .Anchitherium. 'Ve have 
three complete toes; the middle toe is smaller in proportion, the inner 
and outer toes are larger, and in fact large enough to rest upon tbe 
ground, and to have functional importance-not an animal with two 
dew-claws, but an animal with three functional toes. And in the fore- 
arm you finù the ulna a very distinct bone, quite readily distinguisha- 
11e in its whole length from the radius, but still pretty closely united 
with it. In the hind-limb you also meet with three functional toes. 
The structure of the hind-foot corresponds with that of the fore-foot; 
but in the hind-leg- the fibula is þetter develo
d. In some cases I 
have reason to think that it is complete; at any rate this lower end 
of it is quite distinctly recognizable. But the most curious change 
is that which is to be found in the character of the teeth. The teeth 
of the 
1nchitlterium have, in the first place, so far as the ineisors are 
concerned, a rudimentary pit. The canine teeth are present in both 
sexes. The molars are short; there is no cement, and the pattern is 
somewhat like this (drawing on the blackboard). In the upper jaw, 
there are hvo crescents and two oblique ridges, while in the lower 
jaw you have the double crescent. It is quite ob,'ious that this (illus- 
trating from drawing) is a simpler form than that. By increasing the 
complexity of those tceth there, we have the horse's teeth. These are 
an the forms with whic
 we are acquainted respecting the past his- 
tory of the horse in Europe. 'Vhen I happened to occupy myself 
with this subject some years ago, notwithstanding certain difficulties, 
the facts left no doubt whatever in my luind that we had' here a gen- 
eral record of the history of the evolution of the horse. You must 
understan(l that {'very one of these forms has undoubtedly become 
modified into various species, and we cannot be absolutely certain 
that we have found those species which constitute the exact Jine of 
lllodification, but it was perfectly ob,'ious that we Jlad here ill suc- 
cession, in time, three forms of the horse-type, of which the oldest 
came ncarest to the general mammal. 'Ye saw that the forms which 
had existed afterward had undergone a reduction of the numher of 
their toes, a reduction of the fibula, a more complete coalescence of 
the ulna with the radius. The pattern of the molar teeth had become 
more complicated and the interspaces of theil' ridges had become filled 
with cement. In this succession of forms you h
t\"e exactly that which 
the hypothesis of evolution demands. The history CO]Tf'
ponc1s ex- 
actly with that which you would construct a priori from the princi- 
ph's of evolution. An alternative hypothesis is hardly concch.able, 
but the only one tllat could be framea would be this, that thë .Anchi- 
the7"Íum, the Ifipparion, and the horse, IJad been created separately 
and at separate f'pochs of time. For that hypothesis there could be 
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no scientific evillence, and it is not pretenùed that there is the slight- 
est evidence of any other kina that such successive creation has ever 
taken place. \Vhen I was investigating this subject only the collec- 
tions in Europe were accessible to me, but the mater.iaJs they yielded 
led me to think that the horse must have descended from au .Anclâ- 
tlwri-um-like ancestor, and I may say, as I happen to know by cor- 
respondence with him, that very eminent anatcmist, the late Prof. 
Lartet, of Paris, had arrived independently at the same conclusion. 
Indeed, the story is so plain that no one deserves any particular credit 
for drawing so obvious a conclusion. And since then paleontologicai 
inquiry has not only given us greater and greatt'r knowledge of the 
series of horse-like forms, but enabled us to fill up the gaps in the 
series, and to extend that series farther back in time. 
That knowledge has recently come to us, and assuredly from a 
most unexpected quarter. You are aU aware that when tllis coulltry 
was first discovered by Europeans there were no traces of the exist- 
ence of tbe horse in any part of the American Continent. And, as is 
well known, the acconnts of the earlier discoveries dweU upon the 
astonisbment of the natives when they first became acquainted with 
that astounding phenomenon-a man seated upon a horse. N ever- 
theless, as soon as geology began to be purfiued in this country, it was 
found that remains of horses-horses like our European horses-like 
the horses which exist at the present day-are to be found in abun- 
dance in the most superficial deposits in this country, just as they are 
in Europe. For some reason or other-no feasible suggestion on that 
subject, so far as I know, has been made-but for some reason or other 
the horse must have died out on this contillent at some period pre- 
ceding-how long we cannot say-the discovery of America by the 
Europeans. or late years there have been discovered on this conti- 
nent-in your 'Vestern TerritorieR-that marvelous thiekness of ter- 
tiary deposits to which I referred the other evening, whieh giyes us a 
thickness and a consecutive order of older tertiary rocks admirably cal- 
culated for the preservation of organic remainf', such as we had hith- 
erto no conception of in Europe. They have )'ielded fossils in a state 
of preservation and in numbel' perfectJy unexampleù. And with re- 
spect to the horse, the researches of Leidy and others have shown 
that numerous forms of that type are to be found among these remains. 
But it iR only recently that the very admirabJy contrived anù most 
thoroughly'and patiently worked-out investigations of J>rof. 
Iarsb 
have given us a just idea of the enormous wealÙl and scientific im- 
portance of these deposits. I have had the advantage of glancing 
OVel" his collections at New Haven, and I can truly and emphatically 
say that, so far as my knowledge extend
, there is nothing in any way 
com p arable for extent or for the care with which the rc>mains have 
, , 
been got together, or for their SCIentific importance, to the seri<.>s of 
fossils which he has brought together. (Applause.) This enormous 
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coìlectioll has yielded evidence of the most striking character in regard 
to this question of the pedigree of the horse. Indeed, the evidence 
which Prof. 1\la1'sh has collected ten<1
 to show that you have in Amer- 
ica the true o1'igilJal seat of the equine type-the country in which the 
evidence of the primitive form and sncces
ive modifications of the horse 
spries is far better rrescrved than in Europe; and Prof. :\lars11's kindness 
has enabled me to put before you the following diagram, every figure in 
which is an actual representation of the f'pecimen which is preserved in 
New IIaven at this present time. The succession of forms whil'h he has 
brought together shows, in the first place, the great care and patience 
to which I have referred. Secondly, there is this Pliocene form of the 
horse (Pliuldppus); the conformation of its limbs presents some very 
slight deviations frOlll the ordinary horse, and with shorter crown of 
the grinding teeth. Then comes the forin which represents the Euro- 
pean .IIi]7parion, which is the Protoltippus, having three toes anJ the 
forearm and leg and teeth to which I have referred, and which is more 
valuable than the European IIipparion for this reason: it is devoid 
of some of the peculiarities of that form-peculiarities which tend to 
show that the European IIipparion is rather a side branch than one 
in the direct line of succession. N ext comes the J,Iioldppus, 
vhich 
corresponds pretty nearly with what I spoke of as the .Ancldtlteriu'}J
 
of Europe, but which has some interesting peculiarities. It presents 
three toes-one large median and two lateral ones; of the toe which 
answers to the little finger of the human hand, thpre is only a rudi- 
Inent. This is, however, as far as European deposits have been ena- 
LIed to carry us with any degree of certainty in the history of the 
horse. In the ..American tertiaries, on the contrary, the series of 
equine forms is continued down to the bottom of the Eocene. The 
older l\1iocene form, termed ....lIesohippus, has three toes in front and 
:1 large splint-like rudiment representing the little finger, ancl three 
toes behinù. The radius and ulna are entire, and the tibia and fihula 
distinct, and the teeth are anchitheroid with short crowns. 
But the most important discovery of all is the Ol'Oll.JppllS- 
which comes frOlll the lower l1art of the Eocene formation, and is 
the oldest melnber of the equine series known. IIere we have four 
complete toes on the front-limb, three toes on the hind-limh, a well- 
developed ulna, a well-developed fibula, and the teeth of simple pat- 
tern. So you are able, thanks to these great researche
, to show that, 
so far as present knowledge extends, the history of the horse-type is 
exactly ana precisely that which could have been prellictecl from a 
knowledge of the principles of evolution. And the knowle<lge we 
now possess j l1stifies us completely in the anticipation that, when the 
Rtill lower Eocene deposits and those which belong to the Cretaceous 
epoch have yielùed up their remains of equine animals, we shall find 
first an equine creature with four complete toes and a rwliment of the 
innermost toe in front, and proùably a rudiment of the fifth toe in the 
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hind-foot.! In still older forms the series of the digits will be more 
and more complete, until we come to the five-toed al1Ìmals, in which 
most assuredly the whole series took its origin. 
That is what I mean, ladies and gentlemen, by demonstrative evi- 
dence of evolution. An inducti v-e hypothesis is said to be demon- 
strated when the facts are shown to be in entire accordance with it. 
If that is not scientific proof, there are no inductive conclusions wIlich 
can he said to be scientific. And the doctrine of evolution at the 
present time rests nptm exactly as secure a foundation as the Coper- 
nican theory of the motions of the heavenly bodies. Its basis i
 }Jre- 
cisely of the same character-the coincidence of the observed facts 
with theoretical requirements. As I mentioned just now, the only 
way of escape, if it be a way of escape, from the conclusions which I 
have just indicated, is the supposition that all th
se different forms 
_ have been created separately at separate epochs of time, and I rf'peat 
that of such an hypothesis as tbis there neither is nor can be any s<:Ï- 
entific evidence, allù assuredly, so far as I know, there is none which 
is supported, or pretends to be supported, by e\"Ídence or autlJOrity 
of any other kind. I can but think that the time will come when 
such suggestions as tbese, such obvious attempts to escape the force 
of demonstration, will be put upon the same footing as tbe supposi- 
tion made by some writers, who are, I believe, not completely extinct 
at present, that fm;sils are not real exiRtences, are no indications of 
the existence of the animals to \V hich they seem to belong; but that 
they are either sports of Nature or special creations, intended-as I 
heard suggested the other day-to test our faith. In fact, the whole 
evidence is in favor of evoIution, and there is none against it. And I 
say this, although perfectly well aware of the seeming difficulties which 
have been adduced from what appears to the uninformed to be a scien- 
tific foundation. I meet constantly with the argument that this doc- 
trine of evolution cannot be correct, because it requires the lapse of a 
very vast period of time, and that the duration of life upon the earth 
thus implied is inconsistent with the conclusions arrived at by the as- 
tronomer and the physicist. I may venture to Ray that I am familiar 
with those conclusions, inasmuch as some years ago, wìlen President 
of the Geological Society of London, I took the liberty of criticising 
them, ana of showing in what re
pect8, as it appeared to me, they 
lacked complete and thorough demonstration. But, putting that 
point aside altogether, suppose that, as the astronomers, or some of 
them, and some physical philosophers, tell us, it is impossible that 
life could have endured upon the earth for as long a period as is re- 
quired by the doctrine of evolution-supposing tbat to be pro,'cd, 
what I want to know is, what is the foundation for the statement that 


1 Since this lecture was delivered, Prof. :Marsh has discovered in the ]üwest Eocene 
deposits of the 'Vest a new genus of equine mammals (Evlâppus), which corresponds 
very nearly to this description.-.Amel'ican Journal of Science, November, 1876. 
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evolution does require 80 great a time? The biologist knows notbinO' 
. 0 
whatever of the amount of tIme which may be required for the pro- 
cess of evolution. It i::s a matter of fact that those forms whi
h I 
have described to you occur in the order which I have describ('ù iu 
the tertiary formation. But I have not the slightest means of guess- 
ing whether it took a n1Íllion of years, or ten millions, or a hundr
d 
milliolJs, or a thousand millions of years, to give rise to that series of 
changes. As a matter of fact, the biologist has no means of arriving 
at any conclusion as to the amount of time which may be needed for 
a certain quantity of organic change. lIe takes his facts as to time 
from the geologist. The geologist, taking into consideration the rate 
at which deposits are formed and the rate at which denudation goes 
OIl upon the surface of the earth, arrives at certain more or less justi- 
fiable conclusions as to the time which is required for the deposit of a 
certain amount of rocks, and if he tells me that the tertiary forma- 
tions required 500,000,000 years for their deposit, I suppose he has 
good ground for what he says, and I take that as the measure of the 
dllr
tion of the evolution of the horse from the Orohippu8 up to its 
present condition. And, if he is right, undoubtedly evolution is a 
very slow process, and requires a great deal of time. But suppose, 
now, that an astronomer or a physicist-for instance, my friend Sir 
William Thomson-comes to me and tells me that my gcological 
friend is quite wrong, and that he has capital evidence to show that 
life could not possibly have e'íisted upon the surface of the e
l'th 
500,000,000 of years ago, because the earth would have been too hot 
to allow of life, my reply is: "That is not my affair; settle that with 
the geologist, and when you have come to an agreement between 
yourselves I will adopt your conclusion." "\Ve take our time from 
the geologist, and it is monstrous that, having taken our time from 
the vhysical philosopher's clock, the physical philosopher should turn 
round upon us, and say we are going too fast. "\Vhat we desire to 
prove is, is it a fact that evolution took place? As to the amount of 
time it took, we are in the hands of the physicist and the astronomer, 
whose business it is to deal with those questions. 
I think, ladies and gentlemen, that I have now arrived at tIw con- 
clusion of the task which I set before myself when I undertook to de- 
liver these lectures before you. l\Iy purpose has been, not to enable 
those of you who have not paiJ attention to these subjects before to 
leave this room in a condition to decide upon the validity or the in- 
validity of the hypothesis of evolution, but to put before you the 
principles by which all such hypotheses must be judged; and, further- 
more, to make apparent to you the nature of the evidellce and the 
sort of cogency which is to be expected and may be obtaÎ:1ed from it. 
To this end I have not hesitated to regarcl you as genuine students 
and persons desirou'3 of knowing the truth. I h'tve not hesitated to 
take you through arguments, evcn long chains of arguments, that I 
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fear may have sometimes tried your patience, or to have inflicted 
uI)on you details which could not possibly be escaped, but which may 
well have been wearisome. But I shall rejoice-I shall consider I 
bave done you the greatest service which it was in my power in such 
a way to do-if I have thus convinccd you that this great question 
which we are discussing is not one to be dealt with hy rhetorical 
:flourishes or by loose and superficial talk, but that it requires the 
keenest attention of the trained intellect and the patience of the most 
accurate observer. 'Vhen I commenccd this series of lectures, I did 
not think it necessary to l)reface them with a prologue, such as might 
be expected from a stranger and a foreigner; for, during my brief 
stay in your country, I have found it very hard to believe that a 
strangcr could be possessed of so many friends, and almost harder to 
imagine that a foreigner could express himself in your language in such 
_ a way as, to all appearances, to be so readily intelligible; for, so far 
as I can judge, that most intelligent, and, perhaps, I may add most 
singularly active and enterprising body, your prcss reporters, do not 
seem to have bcen detcrred by my acccnt from giving the fuJIest ac- 
count of everything that I happcn to have saiù. But the ycssel in 
which I take my departure to-morrow morning is cven now ready to 
slip her moorings; I awake from my delusion tlmt I am othcr than a 
strangcr anù a foreigner. I am rcady to go back to my l)lace and 
country, but, before doing so, let me, by way of epiloguc, tender to 
you my nlost lH'arty thanks for the kind and cordial reception whi('h 
yon have accordcd to mc ;4 and let me thank you still more for that 
which iH the greatest complimcnt which can be afforded to any pcrson 
in my position-the continuous and undisturbed attention which yon 
have bestowed upon the long argument which I have had the honor 
to lay before you. 


... 


TIlE STUDY AND TEACllIKG OF BIOLOGY.:I 


By PROFESSOR II. NEWELL :MARTIN, D. So., 
I. B., B. A. 


W E mect to-morrow to formally begin the biological work of this 
University-to commence that systematic study of animal and 
yegetable form and function, relationf'hip and distribution, which we 
include under the names of Comparative Anatomy, Zoü]ogy, Physi- 
ology and Botany, or in the general terms Biology or Natural lIis- 
tory. I have thought that it might be well to-day to take an oppor- 
tunity of la)?ing before you wllat seem to be the ends which we 
should hold in view, and the methods on wl]ich we should work, if we 
are to attain or to dcscrve a permanent success. I am furthcr induced 
. 1 An introductory lecture de1ivercd at tbe Jobns IIopl
ins Uni'rcrsity, October 23, 
1876. 
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to take this course by the fact that our present year's work is confess- 
edly of a tentative nature: one main object of it being to enable us to 
decide upon what lines 1ve are to go forward in the future; and I be- 
lievc it may facilitate decision on some points if we have before us, 
as a sort of Lasis for discussion, a definite statement of views on the 
subject, no matter how imperfect such statement may be ill itself, or 
how much the opinions expressed in it may afterward be found to re- 
quire modification. 'Vhat I propose, therefore, is not simply to tell 
you wl)at are our arrangements for this year, but also to put before 
you some thoughts as to what I think we ought to do in the time to 
come. It is, I am sure, unnecessary for me to dilate at any length, 
before this audience, upon the interest and importance of biological 
studies. IIowever contributory to our culture ana welfare other studies 
may be, biology has, and ever must have, a very special interest of its 
own: it alone deals with the living organisms which surround us, anù 
which are the only things that share with us that wonderful collo- 
cation and interaction of natural forces which we call life. Biology, 
too, includes within its range the study of man himself, so far as 
one side of his nature is concerned; and, as regards his mental and 
. moral qualities, the psychologist and sociologist have alrcady begun 
to recognize that the progress of their sciences is closely Lound up 
with the development of certain branches of biology. As regards its 
.practical value I might set forth at length the indebtedness of scien- 
tific medicine and of sanitary science to biology; but I prefer not to 
recommend the study to you by such considerations. This is a univer- 
sity: and the oLject of a university, I take it, is directly to promote 
liberality of thought and culture, and only indirectly to concern 
itself with the }Jractical advancement of material welfare. It is con- 
cerned rather with the acquirement of a knowledge of principles than 
with their practical applications; although, in connection with it, it 
may have subsidiary schools where those who have already learned 
the principles may acquire a practical knowledge of ,'arious arts. 
Nevertheless it is true that, if we devote ourselves to the higher ob- 
jects, the rest will be added unto us; for it is one of the great glories 
of all the physical sciences that, while secont1 to none in the training 
which a stuùy of them gives to aU the facultics of the milH1-in the 
promotion of large anù liberal ideas, and in the gratification of that 
lono-inn- to "know" which is the noblest characteri
tic of the human 

 v , 
intel1ect-tlH'Y at the same time, as a by-thing, but constantly, con- 
tribute to the increase of man's comfort, and to the material pros- 
perity ana happiness of his race. Those who advance our knowledge 
of the laws of animal and veO'etable life may work without :.my imme- 
ö 
diate outlook to the advancement of medicine, hygiene, and agri- 
culture, hut such advancement constantly fonows and springs from 
theh' wOl'k, and will ever do so. 
To those who are in any degree acquainted with the state 
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of the scientific world, the present 111ust seem a specia1Jy opportune 
time for founding a biological school. At no })revious period has 
sueb an interest been taken in biological IJroblems, or ha\'e so many 
earnest workers been in the field-never before has so rich a harvest 
been in view. This is mainly owing to the promulgation of two 
great ideas within the last few years. On the morphological side we 
have the doctrine of evolution applif'd to living forms, aud especial1y 
as definitely put forward by the theory of tIle origin of species by 
natural selection; wbile on the physi010gical side we have the doctrine 
of the conservation of energy, and its e
 tension to the 1)1ay of forces 
in living organisms. It matters not whether tllese theories be correct 
represent
tions of the facts or not, or whether increase of l
nowledge 
coufirms or upsets them-in any case they h:1ye been of iIlcalcuÍable 
importance in stimulati.ng work and in giving a present and direct 
significance to its results. I can imagine no time for the biologist to 
live in which would be more interesting than the coming half-century, 
or none in which he wi,n have a greater incelltive to study; he seems 
to have almost within his grasp the solution of problems of the widest 
significance. 


Those of us directly concerned in the administration of the Lio- 
logical laboratory here, arc charged with the fulfillment of two 
duties: we have to make provision for the advancement of knowl- 
edge, and for its diffusion; we are to find accommodation and assist- 
ance for both illvestigators and stutknts; wllile we must not suffer 
those engaged in research to be crowded out by beginners, neither 
must the beginners be overlooked in providing for those to whom 
they are one day to succeed. The liberal space at our di
posal will 
penuit us, at any rate for the present, to accommodate beth clHRses 
of workers, without risk of the extermination of either. :Meanwhile I 
have, then, to occupy your time with a few words on two suhjects: on 
biological research, alld on biological teacl1ÍlIg. 
One hears a good deal talked nowadays of scientific research, and 
among it a good deal of what I cannot but think mischievous nonsense 
about the peculiar powers requin'd by scientific inYest
gators. To 
listen to many, one would suppose that the faculty of adding any- 
thing whatever to natural knowledge was one possessed by extremely 
few persons. I believe, on the contrary, that any man possesEetl of 
average ability and somewhat more than a\'erage perseverance, is 
capable, if he will, of doing good criginal scientific work. Any Lard- 
working and commonly intelligent man, who likes his profes!'-ion, will 
make a good soldier, or lawyer, or doctor, though that comhinatioD 
of powers which makes the great general, or the great jurist, or the 
great physician, is given to but few. 
So it is with the pursuit of Science: aRsuredly not everyone of 
her followers, very probably not one among us now þresent, will be- 
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come a Linnæus, or a Cuvier, or an Agassiz. It may not he given to 
any of us to make some brilliant discovery, or to first expounù some 
illuminating generalization; but we can, each and all, if we will, ùo 
good and valuable work in elucidating the details of various branches 
of knowledge. All that is needed for such work, besides somp leisur{', 
intelligence, and common-sense (and the more of each the better), is 
undaunted perseverance and absolute truthfulness; a per
ever:lnce 
unabated by failure after failure, and a truthfulness incapable of the 
least perversion (eitller by way of omission or commission) in the 
description of an observation or of an experiment, or of the least 
reluctance to acknowledge an error once it is found to have been 
made. :\Ioreover, this love of truth must extend to a constant 
searching and inquisition of the mind, with the p<,rpetual endeavor 
to keep inferences from observation or experiment unbiased, so far 
as may ùe, by natural preclilections or favorite theories. Perfect suc- 
cess in such an endeavor is, perbaps, unattainable, but the scientific 
worker must ever strive after it; theories are neces
al'Y to guide and 
systematize his work, and to lead to its prosecution ill new directions, 
ùut they must be servants, and not masters. I may, p<,rhaps, seem to 
be insisting at too great lenfjth 011 a self-evident point; hnt the more 
one knows of scientific work and workers, the more docs one realize 
the importance and the difficulty of attaining a perfectly-balanced 
mind and of arriving at an unprejudiced deduction fro:n observation. 
I believe, then, that the 01l1y absolutely necessary faculties for 
the 
cientific investigator are love of bis work, perseveranc(1, and 
truthfulness; to make the grea.t leader and master in science, one of 
those who cast a new ray of light on our conceptions of the universe, 
other and far rarer powers are, of coarse, needed-the most essen- 
tial being originality of thought; and, as that cannot be eithel" 
self-taught or taught from outside but must be born in the bone, 
all that the rest of us can do when we meet such men is to give them 
a free course and ungrudging help. That an army may attain its 
ùest success, needs indeed that eyery man be brave aud loyal, but it 
is by no nleans requisite that every soldier be a brigaclier-geueral ; 
so in tIle army of Science there is place for soldiers of 
n ranks ana 
capabilities-and, at any rate, we know this, that :X ature reveals her 
secrets, which are hf>r rewards, on no system of }mn'hase or favor- 
itism-what a man deseITes tbat be gets, every drummer-boy who 
enters her 
ervice carries the marshal's baton in his pocket. Iris re- 
ward will he proportionate to the amount of time alld inte1ligl'llcP he 
devotes to his work; given, in addition, certain opportunities which 
everyone has not for himself
 but which it is one great object of such 
institutions as this to provide for all. 
If what I have just stated be the general requisites of t!w Rdentific 
investigator, we have next to inquire what special needs has th(1 biolo- 
gist: these maya1l he grout.or{ under the head of preliminary train- 
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ing. lIe must have a fair knowledge of mechanics, experimental 
physics, and éhemi8try; he ought to (I would almost again say he 
rn'ttst) be able, bcsides English, to read at lcast French and GCl'm:l.n 
with facility-assuredly, if he cannot, he will labor with much toil 
and sorrow--and the more mathematics he knows, with the prest:'nt 
rapid importation of quantitative ideas into biological science, the 
better for him; and for certain special branches of biological work 
there are other special needs. No mistake is more disastrous than 
the idea that a man can be a botanist and notllÍng more; a zoölogist, 
and nothing more; a physiologist, and nothing more. It is true tbat 
no one can Le master of all the physical sciences, but it is none the 
less true that hardly one of thcm can be entirely neglected by the 
biologist. Animals and plants are, after all, material objects, and live 
in accorùance with the laws that govern matter; but the manifesta- 
tions of these la\VS are so often obscurcd and complicated by the con- 
ditions in which they occur in living things, that the understanding 
of them is only to be got at by approaching them through their sÍln- 
pIer manifestations in inorganic bodies. TIut, apart from that, definite 
knowledge of various sciences is constantly required hy the Liologist. 
IIow can one ignorant of physics bave any real appreciation of the 
stateluent that the transmission of a nervous impulse is accompanied 
by a molecular alteration in the structure of a nerye-tìbre, one sign of 
which is a certain very definite and peculiar alteration in its electrical 
properties; or. how can one ignorant of chemistry grasp the funda- 
mental statement that muscular work is in the long-run dependent 
on the breaking down of complex chemic:l.l molecules into simpler 
and more stable ones? How can the zoölogist or botanist scientifically 
study the distribution of animals and l)Iants in space, unless he has a 
knowledge of physical geography; or in time, unless he knows some- 
thing of geology? I need not prolong the list. 
:Furtbermore, no one can properly study any branch of biology 
wiihout some knowledge of its other divisions. The funcbmental 
laws of animal and vegetable Hfe are identical, and only ful1y realized 
by comparison; so, while the scientific botanist, to fullyal)vreeiate the 
facts of his bwn science, must be something of a .zoölogist, so must 
the zoölogist know something of plants: no one liviug being or group 
of liYÏng beings can be properly understood by itself. To take other 
examples: how is the morphologist to deal with such problems 
as those presented to him by rudimentary organs, unless he l
now 
something of the functions of parts, which is the special domain of 
physiology; or, how is he to understand the influence of external 
conditions in the production and preservation of variations in force, 
without, again, this knowledge of function? And, as regards the }Jhysi- 
ologist, he has frequently to se:l.rch the whole animal and vegetable 
kingdoms not only to discover those forms which give him the hest 
opportunity of studying certain phenomena, but alf'o to get at those 
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fundament:ll ideas which lie at the base of his whole scienoe. "
lIat 
general awl broad ideas should we }1ave of the contractility of proto- 
plasm if we only knew it in the highly-specializcd form of a muscular 
contraction; or of its irritability, if we only knew it as exhil}ited in 
the .nervous apparatus of one of the higher animals? It is quite true 
that, without any breadth of knowledge, a man may collect, label, a1)(l 
store away thousands of plants; he may macerate and articulate the 
most beautiful skeletons; he may cut, stain, and mount, the most ex- 
quisite microscopic preparations: but assuredly he is not likely to 
do any work entitled to the name scientific; such mechanical work has 
its value, no doubt, but it is only preliminary to real scientific work- 
which latter requires wide knowledge and extended yiews, and is more 
valuable the broadcr the foundation on which it has been built up. 
It is this mutual dependence of biological studies wI1Ích appears 
to me the justification of grouping together, as we do here, the study 
of such a number of vast subjects in a single laboratory. By that 
means each investigator will receiye knowledge and assi:-;tance from 
the other; under such a system the desirable intercommunication of 
ideas is rendered Inost easy; and we are most likely to escape that 
narrow specialism which every laboratory in the long-run has a ten- 
dency to get into. or course, no one person is capable of giving de- 
tailed assistance in investigations in all the branches of biology; but 
our staff of professors will doubtless grow, and meantime we sh311, 
I trust, by tbe associate and fellowship systenl of the ulliversity, have 
at all times among us well-qualified men in every branch of biology; 
so that no one fitted for tbe ta
k, and earnest and willing in its prose- 
cution, who may come here to undertake any special researcl1, will 
fail to find some one able and wining to aa vise him when he needs 
advice, and to assist him when he neetls assistance. 
'Vhat we want here, then, is men with the requisite zeal and train- 
ing for investigation-we care not whether classification, or morphol- 
ogy, or physiology, or any other branch of biology is their 
pecialty; 
all we clailn is that they shall be able to work, shaH mean to work, 
and shan work-we shan give no quarter to the indolent or ignorant: 
the former we will not have on any terms, and the latter lllU::,t enter 
f\)r the preparatory courses, and will not be allowed to occupy tables 
set apart for research. Surely, if we select" iselr, and find men to 
work faithfully, we may look forwanl with confidcnce to the time 
when we shan find ourselves in the condition of such laboratories as 
those of some of the German universities, where, on aecount of the 
high class of wOl'k done in them, the ablest young men from all oyer 
the world beg for admission; where one finds, working siae by side, 
men from every cidlizec1 nation, and wherc, in the presence of the 
great demand for admission, entry is esteemed a precious rrivil('ge. 
As to the special ai<<l which we can offer to tho
e who come among 
us to ellO"aO"e in investiO'ation , it will, of coursc, de p end on two factors, 
ö q 0 
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upon the natural gifts of those charged with the supervision of the 
laboratory, and the amollnt of money which those whose (luty it is to 
decide on such matters see right to place at their disposal: for, how- 
ever important we biologists may think ourseh
es, the fact remains 
that there are other studies to be provided for, and studies just as 
important as our own. For the present I can say, however, that we 
have at our disposal one large and well-Hghted room for general 
work-a room fitted up for physiologico-cbemical investigations-and 
several smaller rooms for l)hysiological and histological researclI. As 
regards instruments we bave ordered, and in part received, a very 
excellent stock, including the most essential ones for every branch of 
physiological research-and I have no doubt tbat eyery year we shall 
receive grants to add to our stock, and keep up with the times. 
The zoölogical and compnTative anatomy departments differ from 
the l)hysiological in not needing so many special instruments; wbat 
they mainly need are (besides work-rooms) material for examination 
and dissection, and books, especially monographs, and those we shall 
make it a point, to the best of our power, to obtain from time to time 
as they are wanted. It seems to me that it is not our duty to provide 
vast herbaria and museums contaÏ!1Ïng every plant and animal under 
the sun-to l)rovide such collections is the duty rather of the nation 
than of a university-nor do I think we should be wise to collect and 
store away things promiscuously, in the hope that some one will want 
them some time. 1Ve should rather concentrate our force on getting 
what is wanted for tbe time being. If some one wants to elucidate 
any point in the structure of the Echinoderms, for example, we should 
do our best to oùtain specimens for him-even from alll)arts of tlw 
world; if some one else wants to work at the embryology of any fish 
or ampbibian, we should again endeavor to get him the eggs in va- 
rious stages of development, and so on; but I doubt the wisdom of 
sending out collectors with orders to store away everything they can 
catch, ti:-:h, flesh, and fowl, in spirit, and send it to us. "\Ye have no- 
where to display such collections if we got them-the vastly greater 
part of them would never be used-and when reference to extensive 
collections is necessary, we have always at hand the admirable mu- 
seum illustrating the fauna and flora of this State which is being 
brought together by the Academy of Sciences in this city, ar.d. the 
national collections at Washington are within an hour's journey of us. 
Bringing together from time to time such materials for special re- 
searches as I have indicated above, will naturally entail considerable 
expenditure, but I am sure that the trustees, if they see we mean 
work, will do all ther can to snpp]y our needs. 
N ow let us turn to the 'other part of our subject, biological teach- 
ing: from part of what I have already said you have doubtless gath- 
ered something of my views on this matter. If biology be the com- 
plicated study that I have endeavored to indicate, it is in the first 
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place clear that, in justice both to the student anù his teachers, a cer- 
tain preliminary training must be insisted upon as a preparation for 
his admission to a biological laboratory; at least the student must 
have a fair knowledge of physics and chemistry ùefore he comes 
there; and, when he gets there, the thing next to insist upon is, that 
his teaching be as largely demonstrative and practical as possible, 
lectures being made of secondary and laboratory-work of primary 
importance. 
It matters not to me where the student gets this preparatory 
knowledge; whether here or at some other institution. I believe he 
ought to acquire it largely at school, as a part of general education; 
hut, as that seems in the present condition of primary education almost 
impossible, I shan perhaps best make clear my ide'1s on the matter 
if I endeavor to sketch out what I think should bE the course gone 
through by a youth fresh from some high-school OI college, where 
he has got an otherwise sound general education, but without any- 
thing more than a sham knowledge of physics, and \V
o enters this 
university with the intention of qualifying himself for biological re- 
search or teaching hereafter; and you will, I hope, forgive me if, 
with the same object of obtaining clearness, I put what I have to 
say into a somewhat dogmatic form. 
Such a person ought to enter at once upon courses of instruction 
in experimental physics and chemistry, and devote almost whoHy his 
first year to them; but during the latter part of tbat year, say be- 
t ween the spring vacation and the end of the session, be would, in 
addition, go through a course of instruction in what we may call gen- 
eral biology. By that I mean a course of instruction in which he 
would acquire some knowledge of how to use his microscope and how 
to dissect, and thus gain a certain amount of that special manipula- 
tive dexterity which he win require afterward. He would also gain 
a general acquaintance with biological ideas, and with the meaning of 
the more important technical terms: he would gain, for example, a 
real, because a practical, knowledge of what we mean by classifica- 
tion, and of the principles on which classifications are founded; he 
would learn similarly, with his eyes as well as his cars, what we 
mean by morphology, and homology, and a host of similar terms; 
and he would, in addition, acquire a special acquaintance with the 
structure and actions of certain selected typical animal and vege- 
table forms. This, then, would finish the first year's work, unless our 
student should be ignorant of French and German. If so, he ought 
also to acquire, what is really very easily got, at least a fair reading 
know ledge of those languages. 
At the commencement of his seconil year the student should enter 
for two elementary practical courses, one on comparative anatomy 
and zoölogy, the other on animal physiology. These courses would, 
I imagine, last about six months each, and they f'honld be taken pari 
VOL. x.-20 
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passu. Each would consist, say, of two lectures a week, and the 
rest of the time would be filled up with the dissection of typical 
animals, the performance of the simpler physiological experiments, 
and the preparation and examination of microscopic specimens of 
animal tissues, all illustrative of the main points put forward in the 
lectures. The student would also be made to draw sketches of his 
. dissections and microscopic preparations, and to describe them and 
the results of his experiments briefly in writing, and so while learn- 
ing thoroughly how to dissect and use his microscope, Land the con- 
ditions of success in physiological experiment, he would also have his 
powers of observation regularly trained and tested. 
In connection with these courses there should be a museum, con- 
taining not a bewildering multitude of specimens, but a small num- 
ber of dissections and skeletons of typical animals, eSI)ecially of 
those which it is important for the student to know, but which are 
too rare to be obtained in quantities allowing each to dissect one for 
himself; and these specimens should be RO placed that they may be 
freely accessible to those desiring to study them. It is far better to 
have to replace an injured specimen occasionally than to have the 
things locked up behind glass doors, so as to render their thorough 
examination impracticable to those for whose examination they are 
placed there. l\Ioreover, especially in connection with the physiologi- 
cal course, there would be needed from time to time, according to the 
f:ubject-matter of the lectures, demonstrations of certain points; in 
cases, for instance, needing the employment of the more delicate in- 
struments, or where niceties of manipulation 'were required, such as a 
beginner could not be fairly expected to overcome. 
I ought perhaps here to refer to the subject of vivisection. Phys- 
iology is concerned with the phenomena going on in living things, 
and vital processes cannot be observed in dead bodies; and from 
what I have said you will have gathered that I intend to employ 
vivisections in teaching.. I want, however, to say, once for all, that 
here, for teaching purposes, no painful experiment will be performed. 
Fortunately, the vast majority of physiological experiments can now- 
adays be pcrformed without the infliction of pain, either by the ad- 
ministration of some of the many anæsthetics known, or by previous 
removal of parts of the central nervous system; and such experiments 
alone 'will be used here for teaching. With regard to physiological 
research the case is different: happily here too the number of neces- 
sarily painful experiments is very small indeed; but in any case where 
the furtherance of physiological knowledge is at stake-where the 
progress of that science iR concerned, on which all medicine is based, 
so far ag it is not a mere empiricism - I cannot doubt that we 
have a right to inflict suffering upon the lower animals, always pro- 
vided that it be reduced to the minimum possible, and that none but 
competent perS01l8 be allowed to undertake such experiments. PJaced, 
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moreover, as we shall be herc, in mOI.e or less close connection with a 
splendidly-equipped hospital, so that we shall be able constantly to 
combine skilled pathological observation with physiological experi- 
ment in an excellent laboratory, we have duties to pcrform toward 
the advancement of scientific medicine, from w hose performance I 
believe it would be criminal in us, as it would be shameful, to flinch 
In any wa y. 
But to return to our special subject: the last three months of the 
student's second year should be' occupied with a laboratory course 
of instruction in vegetable morphology and physiology, and with a 
course of lectures on embryology, accompanied with a full practical 
study of the development of the chick from the eårliest stagcs of in- 
cubation. 
The student will have now got an extensive acquaintance with 
biological facts and methods, and henceforth he should be allowed and 
encouraged to specialize his work. He would be permitted to select 
for more detailed study in his third year either animal morphology, or 
botany, or physiology, and the best men in each subject would be 
picked out and allowed to act as demonstrators to the second-year 
students, and so be given the opportunity of acquiring a far more 
accurate kn'owledge than they could attain in any other way. For 
these third-year men, too, short advanced courses of 'ectures would 
be given from time to time, such as on the physiology of nutrition, 
the physiology of the senses, the geographical distribution of animals, 
on special morphological points, and so on, and also on the more im- 
portant recent discoveries in various branches; and the best of them 
might be put on some easy bit of original work, to try their metal 
and whet their appetites. 
After all this has been gone through, I think we can do no more 
in tLe way of teaching for our typical student; he has now advanced 
enough to teach himself, and, if he is good for anything, will do it 
better than others can do it for him. I think that among students 
so taught, as I have endeavored to iudie-ate, we should be certain 
to meet with a large number of well-qualified men from among whom 
to select SOIne of our fellows and associates, and would be justified in 
expecting from them work of the highest quality. As regards the 
remainder, those who display no special aptitude tor scientific investi- 
gation, or no desire to devote the!llselves to science as a profession, 
they will at least have had the opportunity of acquiring a very thor- 
ough and practical knowledge of what modern biology means. 
It now remains for me to aive a sketch of what our work for the 
b 
present year will be, so far as I see my way at present. To-morrow 
I commence a course of lectures on animal physiology, which I pro- 
pose to deliver twice a week, on Tuesdays and Fridays, at 1.15 P. M. I 
have been induced to select this llOur on account of 8pecial circum- 
stances affeeting many of those who wish to attend thi
 year, though as 
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a general rule I should like an earlier hour, nine or ten in the morning, 
which definitely brings a man early in the day to the lahoratory, and 
gives me a better chance of getting a good day's work out of him. 
These lectures will be designed rather for those who have already some 
know ledge of physiology than for beginners; for so many instruments 
bave not yet arrived, and so many arrangements are necessarily as yet 
imperfect, that it seems better for the present only to invite men who 
are more or less fitted by previous training to overcome such occa- 
sional difficulties and inconveniences as may from time to time arise 
from such causes. "\Vhen I say that the lectures will be rather 
adapted for advanced students than beginners, I do not mean, how- 
ever, that I shall omit elementary but important facts, but that, in 
addition to those, I shall from time to time discuss at more or less 
length points which are still sub judice. The lectures will be illus- 
trated by no experiments: partly because, on account of the rapid 
changes which go on in living tissues, p,hysiological-Iecture experi- 
ments are likely to be the reverse of successful (a frog's muscle 
which has been lying on the table since the commencement of a lecture 
is very apt to contract abnormally when the lecturer wants it) ; but 
mainly because I want each student to make the illustrative observa- 
tions and experiments for himself-except in cases of unusual dif- 
ficulty, when demonstrations will be given at such hours as may be 
found most convenient to the majority. In tbe lectures I shall pre- 
suppose the possession by each present of such a knowledge of anat- 
omy as is necessary for physiological work, and, starting with the 
structure of blood, go regularly on through the histology and physi- 
ology of the tissues and organs of the animal body. These lectures 
will continue until the spring vacation, and then I mean to set to work 
specially for more elementary students, and put them tl}rough such a 
course of general biology as I l]ave already described; but possibly 
either Dr. Brooks or myself win give at that time some instruction in 
embryology of a more advanced character. 
As regards physiological research, several gentlemen have already 
consulted me with reference to undertaking iuvestigations in different 
directions, and of course there is plenty of work to be done should 
others qualified for it present themselves. One difficulty which I 
have met with is that many seem to consider that a physiological 
investigation can be carried on by devoting to it an lwur or two at 
irregular intervals: I feel quite sure that no good work is likely to 
be done in that way, and am not inclined to encourage such workers. 
Some, at least, of those engaged in investigation will be able to have 
accommodation in t.he special rooms, apart from the general labora- 
tory, which have been provided for that purpose. 
On the zoölogical and morphological side no arrangements have 
as yet been made for a lecture and laboratory course this year, nor so 
far as I know has any such demand as would render it advisable 
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shown itself. 
honld it do RO, however, we may, perhaps, make ar- 
rangements for elementary instruction in those subjects, undcr the 
more immediate superintendence of Dr. Brook8, our associatc in biol. 
ogy, upon whose shoulders I must throw most of the burden of that 
sidc of the work. 'Ve shall, at any rate, collect material and make 
othcr preparations for such a course next year. After Christmas Dr. 
Brooks will give a course of lectures on ".:\Iorphological Theories." 
For the present., too, we shall have in the laboratory several well- 
trained zoülogist!:3 and morphologists; some engaged in prosecuting 
advanced studies, others in research. I fancy all of them are (as they 
ought to be) pretty well qualified to take care of themselves; but Dr. 
Brooks and myself will do our best to give them such assistance as 
they may need, and to make arrangements by which they can be sup- 
plied with such material as they require. 
In conclusion, let me say a word to those of you here present who 
are to be the first workers with me in this laboratory. It behooves 
you as well as me to recognize what a heavy responsibility lies upon 
us. Upon the work that we do and the spirit in which we do it, upon 
the character we give our laboratory at its start, much of its future 
success or failurc depends. If we all work honestly and thoroughly, 
it will win esteem and reputation; if we are careless and half-hearted, 
it will become of low repute. Let us, then, each work loyally, ear- 
nestly, truthfully, so that when the time comes, as it will come sooner 
or later, in one way or another, to each of us, to depart hence, we 
may carry with us a good conscience, and be able to say that in 
our time no slipshod piece of work ever left the laboratory; that no 
error we knew of was per8isted in; that our only desire was to know 
the truth. I.Aet us leave a record which, if it perchancc contain the 
history of no great feat in the memory of which our successors wHl 
glory, will at least contain not one jot or one tittle of which they can 
be ashamed. 


---..+----- 


THE P A.RALLEL RO.L
DS OF GLEN ROY. 


F RO)! a lecturc recently deli \'cred by Prof. TYllclall before the 
Royal Institution, we gather the following facts in regard to 
that natural wonder in- Scotland, which for so long remained a puzzle 
to all investiO'ators. There is an unusual intert'st centred around its 
ö 
history, from the time when the country-people explained it by their 
crude and half-mythical theories, to the time when it became a lab01 
of love for the untiring efforts and acute observations of scientists. 
The earliest published allusion to these roads was maile in a work 
brought before the public a century ago, but no systematic descrip- 
tion of them appeared before 1817. They are ft>Uf1d in the district of 
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Locha ber, Inverness-shire. On both sides of the steep, narrow glen 
through which the Roy runs, there are three perfectly horizontal and 
parallel roads, directly opposite on each side, those on one side corre- 
sponding exactly in elevation to those on the other. They are re- 
spectively 1,150, 1,070, and 860 feet above tlw sea, and are formed as 
shelves in the yielding drift which covers the sides of the mountains. 
They usually slope somewhat from the hill, and vary in width from 
one to twenty yards. The two highest stop abruptly at different 
points near the mouth of Glen Roy, although no barrier now remains 
to show any reason for it. At some points the grass on the shelves 
differs from that which is above and below, and, as the roads lie in tl1e 
midst of heather-covered hills, the absence of the dark shrub from 
them adds greatly to their conspicuousness. 
The terraces were originally supposed to have been made for the 
heroes whose deeds have been sung by Ossian. A less romantic 'view 
was that" they were designed for the chase, and were made after the 
spots were clearcd in lines from wood, in order to tempt the animals 
into the open paths after they were roused, in order that they might 
come within the reach of the bowmen who might conceal themselves 
in the woods above and below." In 1816 Playfair believed them to be 
aqueducts for artificial irrigation. In 1817 Dr. 
IacCulloch discussed 
the probability of there having been lakes em ùosomed in Glen Roy 
at one time, and supposed that these roads were the margins of the 
lakes. It remained, however, for Sir Thomas Dick-Lander to bring 
forward the facts of the subject, and place them in a scientific light. 
Adjacent to Glen Roy is Glen Glnoy, along the sides of which there 
is a single terrace or road, having tbe same elevation on each side of 
the valley, and similar in all respects to the roads of Glen Roy. 
\Vishing to see whether these two sides would be united fit the head 
of the glen, and in what manner, he followed them into the mountains. 
As the yaney gradually rose, he observed the shelves approaching 
each other more nearly; and finally, at the head of Glen Gluoy, he 
discovered a water-shed of exactly the same elevation as the road 
which swept around the glen. This height was found to be 1,170 feet, 
or 20 feet higher than the upper road of Glen Roy. From this water- 
shed he passed through a lateral branch-valley to Glen Roy, de- 
scended to the higbest road, and followed it up the glen as he had 
pursued the previous road. In the same manner he came upon a 
water-shed looking into Glen Spey, and of precisely the same eleva- 
tion as the road. After this he 
ropped down to the lowest shelf, 
and followed it to the mouth of the. glen. It did not end here, how- 
ever, but doubled around the hills, and ran along the sides of the 
mountains which flank Glen Spean. Continuing eastward, he observed 
the Spean Valley gradually approaching the road until the two were 
on a level, when, as in the other cases, he discovered a water-shed. 
From these facts, convinced that water alone could have producéd 
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the terraces, 1113 saw that if the mouth of Glen Gluoy were stopped Ly 
a barrier, the waters from the surrounding mountains would be col- 
lected in the valley until they had rcached the water-shed, when any 
further rise would be prevented by the branch-valley, which would 
carry tbe additional water off to Glen Roy. As long, then, as the 
barrier remained, there would be a lake in Glen Gluoy, at the exact 
level of the road, "W'hich, by constant action upon the loose drift, 
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PARALLEL ROADS OF GLEN Roy, 


would be sufficient to produce the road. Now, if the mouth of Glen 
Roy should also be barr('d at the same time by a t;ufficiently high bar- 
rier, the waters would be collected behind it, the surface of the Jake 
would rise till it reached the water-shed dividing Glen Roy from Glen 
Spey, when the superabundant water would flow into the latter val- 
ley. In this way the highest shelf of Glen Roy would be formed. If 
its barrier were now to be partly removed, so as to estahlish a connec- 
tion between it and the upper part of Glen Spean, while the lower 
part remained blocked up, upper Glen t4pean 
md Glen noy would 
tben be occupied by a continuous lake, tbe leyel of which would be 
determined by the water-shed discovered in Glen Spean. The water 
in Glen Roy would take a level corresponding to its new place of {'s- 
capf', and the lowest parallel road would be formed. The conclusions 
thus drawn would be strictly logical, if proof could he offered as to 
the existence of the barriers. 
In Glen Spean there is a large quantity of detritus, and Sir Thom
ls 
Dick-Lander supposed that this had at one time been heaped up by 
some unknown convulsion. .As he could not account for the middle 
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road of Glen Roy in the same manuel', he assumed tbat at a certain 
point-the level of this road-the barrier which had been wasting 
a way held its ground for a sufficiently long time to form the road. 
But, on the same principle, there would naturally have been a greater 
number of roads in this glen, and additional roads in the other glens. 
A weakness was thus admitted into the theory which was immediately 
attacked by l\1r. Darwin. He believed that the whole region had once 
been covered by the sea, and that, in the upheaval of the earth, there 
were l>auses during which these roads were formed. But this would 
not account for the sea being higher in one of the glens than in an- 
other, nor for the unequal number of terraces by which the mountains 
are belted. As soon as J\Ir. Darwin detected these fallible points, he 
abandoned his theory. 
In 1847 the Dick-Lander hypothesis received new strength from a 
discovery made by :l\1r. :i\Iilne-Home. Thcre is a lateral glen, called 
Glen Glaster, running eastward from Glen Roy, which had escaped 
the notice of Sir Thomas Dick-Lander. 1\11'. :l\Iilne-Home entered this 
glen, pursued a branch of it extending to the southeast, and came 
upon a water-shed exactly level with the second Glen I{oy road. On 
the same theory as before, when the barrier should be properly re- 
moved, the water in Glen Roy woulJ sink to the second road, and the 
surplus water would escape over the Glen Glaster water-shed into 
Glen Spean. But this mude of explanation could not yet be accepted, 
for there is sca.rcely a trace left of tbe immense quantity of detritus 
that would have been necessary to form the barriers. Nor could the 
detritus Lave been swept away by glaciers, for there have been no 
glaciers in these valleys since tbe retreat of the lakes. 
At the time when 8ir Thomas Dick-Lander was making his inves- 
tigations, the action of ancient glaciers was not understood. 'fhe 
subject had been pursued in Switzerland, but it was not till 1840 that 
unmistakable marks of glacier-action were pointed out in Great Britain 
by Agassiz. lIe visited Glen Roy, and, having detected the traces of 
glaciers, pronounced these to have been the barriers blocking up the 
glens. This theory was afterward examined and confirmed by 
1r. 
Jamieson. " It was their ascription to glacier-action," says Prof. 
Tyndall, " that first gave the parallel roads of Glen Roy an interest 
in my eyes; and in 1867, with a view to self-instruction, I made a sol- 
itary pilgrimage to the place, and explored pretty thoroughly the roads 
of the principal glen." At different places he found that the effects of 
the lapping of the water on the IDOl'e friable portions of the rock are 
still perfectly distinct. Several months ago he again visited tbe 
place, prior to delivering a lecture lJ.pon the subject. The entire 
ground wa!:! thoroughly explored, and the principal hilh:; were found 
to be intensely glaciated. The collecting-ground of these glaciers, 
which blocked up the valleys, were the mountains south and west of 
Glen Spean-among others, Ben Nevis. These lofty mountains en- 
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counter the south western Atlantic wind!:;, and deprive them of their 
vapor. During the glacial epoch tbis vapor was precipitated as snow, 
which slid down the slopes, w bile every valley and recess kept up a 
constant supply of glaciers into Glen Spean, fining it to an ever- 
increasing height. There would of course be ice in Glen Bpean, and 
water to the north of it, as the winds in passing north would be partly 
dried and warmed by the liberation of their latent heat. As long 
as the supply was in excess of the consumption, the dams closing the 
glens would increase in height. As the weather grew warmer, the 
opposite would be true. For a long time the conflict would continue, 
retarding indefinitely the disappearance of the barriers, but the ice in 
the end would have to give way. "The dam at tbe mouth of Glen 
Roy, which probably entered the glen sufficiently far to block up Glen 
Glaster, would gradually retreat.. Glen Glaster and its water-shed 
being opened, the subsidence of the lake 80 feet, from the level of the 
highest to that of the second parallel road, would follow as a conse- 
quence." "In presence, then, of the fact that the barriers which stopped 
these glens to a height, it ma)? be, of 1,500 feet above the bottom of 
Glen Spean, bave dissolved, and left not a wreck behind; in presence 
of the fact insisted on by Prof. Geikie, that barriers of detritus would 
undoubtedly have been able to maintain themselves had they ever 
been there; in presence of the fact that great glaciers once most cer- 
tainly filled these valleys-that the whole region, as proved by 1\Ir. 
Jamieson, is filled with the traces of their action-the theory which 
ascribes the parallel roads to lakes dammed by barriers of ice has, in 
my opinion, an amount of probability on its side which amounts to &. 
practical demonstration of its truth." 


... 


SCIENCE IN .AMERICA.l 


By PROFESSO:a JOHN W. DRAPER, M. D., LL. D. 


G ENTLE
lEN, 
MEMBERS A:ND A8S0CIATES OF THE AMERICAN 
CHEMICAL SOCIETY: In accordance with the plan of the Ameri- 
can Chemical Society, I am called upon to address you this evening. 
I have to congratulat
 you on its successful establishment, and its 
prospect of permanent success. 
Let us consider some of the reasons which would lead us to expect 
that success, not only for our own, but also for other kindred societies. 
The field of Nature is ever widening before us, the harvest is becom- 
ing more abundant and tempting, the reapers are more numerous. 
Each year the produce that is garnered exceeds that of the preceding. 
1 Inaugural address before the American Chemical Society, delivered at Chickering 
naIl, New York, November 16, 18'76. 
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In all directions there is good hope for the future. Perhaps, then, 
you will listen without impatience for a few minutes this enming to 
one of the labOl"erS who has taken part in the toil of the generation 
now finishing its work, who looks back, not without a sentiment of 
pride, on what that generation has done, who points out to you the 
duties and rewards that are awaiting you, and welcomes you to your 
task. Let us look at the prospect before us. 
The progress of science among us very largely depends on two 
elements: fiirst, on our educational establisbments; second, on our 
scientific societieR. To each of these I propose to direct your atten- 
tion; and, first, of our colleges: 
Prof. Silliman, in his address deliyered on tbe occasion of the cen- 
tennial of chemistry, at the grave of Priestley, in commemoration of 
the discovery of oxygen, makes this remark: "The year 1845 marks 
- the beginning of a new era in the scientific life of America, which is 
still in active progress, and chemistry has had its full share in this 
advance." He then enumerates the causes which, in his opinion, had 
brought about this increased activity. Among them are the centen- 
nial celebration of the American Philosophical Society, in Philadel- 
phia, in 1843; the reorganization of the United States Coast Survey, 
in 18<15; the estab1ishment of the Smithsonian Institution at "\Vash- 
iilgton, in 1846; the enlargement of the American Journal of Sci- 
ence, in the same year; the contempor.aneous foundation of the Astro- 
nomical Observatory at Cincinnati; the institution of the Analytical 
Laboratory at Yale College, in 1847; and, simultaneously, the Law- 
rence Scientific School at Harvard. To these he adds especially the 
establishment of the American Association for the Advancement of 
Science, in 1848. Coinciding with him fully as to the character and 
power of these and other local causes which he mentions, I cannot but 
regard them as being themRelves the issues of influences of a much 
more general kind. 
A revolution haa been taking place in Europe-a revolution not 
so much political as industrial or social, though it was followed by 
political consequences of the most important nature. Its commence- 
ments may be seen in the preceding century, in the canal-engineering 
of Brindley; in the improvements of iron-manpfacture; in the con- 
struction of all kinds of machinery, which reached its acme when the 
hand of man was deposed from its office, and, through the slide-rest 
and planing-machine, engines were made by themselves. Then came 
the exquisite contrivances for the manufacture of text.ile fabrics, so 
that a man could do as much WOJ'k in a day as he had formerly done 
in a year, the movement in that direction culminating in the two 
steam-engines, the condenser and non-condenser. The demand for 
cotton rose; the value of the slave, its cultivator, was enhanced; and 
the negro question became the paramount political question in the 
United States. See how scientific discoveries and inventions lead to 
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political results! IIcrein, among other great events, we find the 
origin of the American civil war! 
In Europe, the social effect of the use of steam was strikingly 
marked. Performing mechanical drudgery, it relieved vast numbers 
of the laboring-class, and gave tbem time to think. It concentrated 
them in factories and mills. Those industrial bives were pervaded by 
literary influences, perhaps not always of a kind that we should ap- 
prove of. 

hcy became the seats of agitation in politics and tbeology, 
and, while this was the effect on the laboring mas
, the owncrs or capi- 
talists were accumulating enormous fortunes. 
We may excuse the enthusiastic literature of the cotton-manu- 
facture its boasting, for men had accomplished works that were nearly 
godlike. l\Ir. Baines, writing in 1833, states that" the length of cot- 
ton-yarn spun in one year was nearly five thousand millions of miles 
-sufficient to pass round the earth's circumference more than two 
hundred thousand times, sufficient to reach fifty-one times from the 
earth to the sun. It would encircle the earth's orbit eigbt and a half 
times. The wrought fabrics of cotton exported in one year would 
form a girdle for the globe, passing eleven times round the equator, 
and more than sufficien t to form a continuous shect from the earth to 
the moon." And let us not forget that, to give commercial value to 
this vast result, the capital chemical di
covery of bleaching by chlo- 
rine was essential. Such was the condition of things in England just 
previously to the epoch in question. Necessarily, it wås followed by 
great social results. 
But there was something more. The locomotive absolutely reyo- 
lutionized society. A man could now travel farther in an hour than 
he had previously done in a day. Again, it was clear that important 
political results were occurring. The effect of the raIlroad was to 
render nations more homogeneous, to destroy provincialism. It i5' 
actually true that language underwent a change. Noone who has 
l"cmarkec1 the various dialects of the English counties prior to the 
opening of the Liverpool & 
Ianchester Railway, and the homogene- 
ousncss of speech which is fast displacing them, can be blind to tbis. 
Simultaneously, a redistribution of the population took place. It was 
largely withdrawn from the open country, and concentrated in the 
towns. 
In this statement I am recalling facts so common that they are 
familiar to us all. We all appreciate the immense social changes 
that took place just before 1845. Who in those times could fail to 
perceive that grand conseqnencee must follow the expenditure of 
thousands of millions of dollars in the building of railroads, who, 
when he saw the labor of a year shrinking into the compass of a day, 
the travel of a day into the compass of an hour, tbe thought of man 
outstripping the velocity of light-who could be 80 obtuse as not to 
discern tbat a new agency .had tal\:en possession of tile carth, that it 
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was agitating the nations to their very foundations, that it was ameli- 
orating the lot of man, increasing his power, and dealing remorse- 
lessly with old ideas, the fictions and fallacies of the past! 
Can we wonder, then, that those who were growing up in the 
midst of these marvels should not only contrast the activity by which 
they were surrounded with the stagnation of preceding centuries, but 
should demand to be made acquainted with the power that was thus 
opening a new world before their eyes ? Very soon it became appar- 
ent that there was DO provision in the existing educational establish- 
ments, the universities and colleges, for this unexpected state of 
things. These were, to be sure, good enough to initiate a bench of 
boys into the method of translating an ode of I-Iorace or a few 
lines of Sophocles, but something more substantial than that was 
wanted now. 
This was the true cause of that influence which began to be felt in 
America about 1840. Every reflecting person saw that a change in 
public education was imperative; nay, more was impending. Con- 
fronted by the vigor of modern ideas, the system that had come down 
from the dark ages was seen to have become obsolete. 
In addition to these influences, there was another at which we must 
for a moment glance. Let me, in a few words, sketch its history. 
The peninsula of Italy was separated from the rule of the Greek 
emperol's in the eighth century, mainly in consequence of the icono- 
clastic dispute. Partly through the stress of circumstances, and 
partly as a matter of policy, the Latin language was brought into 
such prominence that it was SUI)po
ed to contain all the useful knowl- 
edge in the world. In Western Europe, at the close of the fourteenth 
century, Greek was totally forgotten. 
But when it became clear that Constantinople would 'Le taken by 
the Turks, many learned men fled to the West, bringing with their 
language precious classical manuscripts. As it was feared, however, 
by the dominant authority that knowledge and opinions of an un- 
suitable kind might thus be introduced, Greek obtained a foothold 
with much difficulty, and it was only by the aid of Florence, Venice, 
and other commercial towns of Upper Italy, that after a struggle it 
made good its ground. The Latin had now a successful rival. 
A century later brings us t.o the culmination of the Reformation. 
Its literary issue was an admiration of the language of that much- 
enduring, that immortal race to whom the Old Testament is so largely 
due. As had been the case with Greek, so now Hebrew passed from 
a condition of neglect to one of extravagant exaltation. It was be- 
lieved to have been the original language of the human race, a con- 
viction that proved to be a great stumblir.g-block to the progress of 
learning. "
rhere were thus three classical languages, each having its 
own paramount claim. 
In 1784 the Royal Asiatic Society was instituted in Bengal. One 



SCIENCE IN AJIERIGA. 


3 1 7 


of its earliest and most important services was that it brought the 
Sanskrit language emphatically to the knowledge of Europe. The 
similarity of this to Latin and Greek, especially in the grammatical 
forms, struck everyone with surprise. At first the old literary party 
resisted its claims, some of them even affirming that it never had been 
a spoken tongue, but that it bad been fictitiously constructed out of 
Latin and Greek. The creation of comparative grammar by the 
great German scholar Bopp, in 1816, tbrew a flood of light on the sub- 
ject; and the discovery in 1828, by Hodgson, of tbe Buddhistic sacred 
writings in N epaul, revealed to astonished Europe a literature of 
grand antiquity and prodigious extent, in which is contained the reli- 
gious belief of 400,000,000 men-ten times the present population of 
the United States. Greek and Latin had now to descend from the 
imperial thrones on which they had been seated, and take their places 
as later and less perfect forms of this wonderful Oriental tongue. 
In the higher regions of literature an over Europe, these discover- 
ies made a profound impression. It was at once seen by the great 
scholars of the times that tlJe existing educational system, founded, 
as it t:o largely was, on the languages of the J\lediterranean !)eninsu- 
las, was altogether on an imperfect basis. They 8aw tlmt philology 
was about to occupy a higher platform, and that, though. it might cost 
a struggle with present interests, a ehange in I)ublic education was 
necessary. But though these languages have suffered an ecliI)se, 
there still remains that priceless heritage which they have trans- 
mitted to us-immortal examples in national life, in patriotism, in 
statesmanship, in jurisprudence, in philosophy, in poetry. Still there 
remain the ruins of the Parthenon, the relics of those statues which 
have no rival elsewhere in the world-embodiments of the beautiful, 
before which, even at the risk of being denounced as a pagan, a man 
might faU down and worship. Still there remains the history of that 
awful empire which once bore sway around the :Mediterranean Sea, 
an empire to which we owe our civilization, our religious conYictions, 
and even our modes of thought. 
I add this great discovery in letters to the scientific and industrial 
movement I have described as bringing on the epoch of 1840. 
Educational institutions are in their nature very much unrler tbe 
influence of the past. They are guided by men of the parting gener- 
ation, and are essentially conservative. The cballges they began to 
manifest did not originate within them, but were forced upon them 
from without. They clung to the mediæval as long as they could, and 
only accepted the modern when they were compelled. 
..A.mong American colleges which are emancipating themselves 
from the mediæval, we may number Columbia, Cornell, Harvard, 
Prinoeton, University of Virginia, Yale. Doubtless there are many 
others that would follow the example if tbey could, but they are fet- 
tered with the gyves of sectarian or local restraint. They march 



318 THE POPULAR SCIENCE MO...VTHLY. 


along, daintily and grotesquely, in the pointed shoes of the four- 
teenth century. 
I linger on this subject of colleges because the example of other 
countries, and especially of Germany, proves to us that on them our 
hopes for the development of science must very largely rest. The 
scientific glory of Germany, not inferior in brilliancy to its military 
glory, is the creation of its university professors. Among them we 
find the great chemists and physicists, whose works we study with 
delight. 
Our colleges must separate themselves from the mediæval, and 
assume thoroughly and sincerely the modern cast. Sincerely, I say, 
for not a few of them indulge in deception. They would have us 
believe that they t.each physics when they have no modern appara- 
tus; chemistry, when they have no laboratory; botany, without any 
garden, herbarium, or even drawings; geology, mineralogy, natural 
history, without any cabinets. So ignorant are some boards of trus- 
tees and faculties, tb,at they hold such equipments as luxuries easily 
dispensed with. I have known some go so far as to affirm that as 
much money ought to be expended in teaching a few boys Latin 
and Greek as in giving a dcmonstrative and illustrated course of sci- 
ence, and even to act on that principle. In institutions under this 
kind of influence, yon will always find that their whole weight is 
thrown toward the æsthetic. 'Vhatever college honors thet.e may be, 
whatever emolunlents, pass in that direction; and, though through fear 
of public opinion science cannot be ignored, it is simply tolerated, not 
cultivated. 
From our colleges we may in the second place turn to our scientific 
socicties. 
I have referred to the pcriod at which the Greek languagc be- 
came cultivated in 'Vestern Europe. The first societies were those 
. established in :Florence by its admirers. In the 1\Iedicean gardens the 
lovers of Plato assembled to restore, under an Italian sky, the phi- 
losophy that had been extinguished in Athens, and to commcmorate 
by a symposium the birthday of that illustrious man. There is a 
pleasure in associating with those whose thoughts are congenial to 
our own, in breathing an atmosphere in which the intellectual makes 
itself felt. 
Very soon the example was imitated. Persons who had a love for 
science followed the example of thoae who had a love for letters. 
The Academia Secretorum Naturæ was instituted at Naples in 1560, 
by Baptista Porta, the inventor of the camera which photographers 
now so much use; the Lyncean Academy for the Promotion of N at- 
ural Philosophy, in 1603; the Royal Society of London, 1645; the 
:&oyal Academy of Sciences in Paris, 1666 ; the Berlin Academy of 
Arts and Sciences, in 1700. Leibnit.z, the rival of Newton, was its 
first president. 
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When the Hoyal Society of Lonùon was founded it encountered a 
bitter opposition. Had it not be
n for the" merry monarch," Charles 
II., it must have succumùed beneath the iierce maledictions launched 
against it. 
As in Italy, when the opportunity wa::; offered, men of the same 
inclination of thinking sought each other, so here, to the surprise of 
the most enthusiastic chemists, when such an association was pro- 
posed, persons seeking membership came crowding in. The society 
I have the honor of addressing this evening was the result. Already 
it has completely organized itself; already it has published the first 
number of its "Proceedings," a publication which I am sure will pro- 
cure for it approval anà respect. 
In these organizations of scientific effort, an opportunity of assist- 
ing is given to those who, not having dedicated themselves to philo- 
sophical pursuits, have yet achieved success in other walks of life, and 
who, recognizing that the progress of civilization very largely de- 
vends on the increase' of knowledge, may desire to aid in promoting 
that great result by the appJication of their means. See what im- 
mense benefits have arisen from the money grants that foreign gov- 
ernments have placed at the disposal of their scientific bodies; see 
what a stimulus there has been in the award of medals of honor, 
and, if you desire to witness the effe(
t of a well-judged benefaction, 
look at the Smitbsonian Institution. I would not say one word in 
disparagement of gifts to colleges and uni \"ersities, for it is indeed a 
noble purpose; but endowments for the promotion of a knowledge of 
Nature conferred on scientific societies for the good of all men, no 
matter what their country or color, no matter what their religious 
profession or political condition, are still Hobler. The one is a local 
and transitory benefaction, the other an enduring and universal be- 
nevolence. 
In our own special science, chemistry, all that has been done has 
only served to extend the boundary of what remains. . The thousands 
of analyses that have been" made have brought us into a wilderness 
of results. 'Ve have not been able to rise to a point of view suffi- 
ciently high to discover what is the true place of those results in N a- 
ture. "T e try to represent on the pages of our books and on our 
black-boards formulas of the constitution of things, conscious all the 
time that these are at the best only convenient fictions, which must 
l1E'cessarily change as we gain a more perf
('t insight into that grand- 
est of all problems, the distribution of Force in Space, and the val ia. 
tions to which it is liable. The geometry of chemistry is that of three 
dimensions, not of two. "\Ve have to consider the relation of points 
not sÏLüated on one }Jlane, and hence it is necessary to employ three 
axes of reference; nay, even more, we cannot avoid the conception of 
the mathematical method of quaternions. Our inadequate information 
respecting the real grouping of atoms is followed as a necessary con- 
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sequence by imperfection in our methods of nomenclature, the confu- 
sion in this respect becoming, as we all too well know, every day 
worse an d worse. 
And now, while we have accomplished only a most imperfect ex- 
amination of objects that we find on the earth, see how, on a sudden, 
through the vista that has been opened by the spectroscope, what a 
prospect lies beyond us in the heavens! I often look at the bright- 
yellow ray emitted from the chromosphere of the sun, by that unknown 
element, Helium, as the astronomers have ventured to call it. It 
seems trembling with excitement to tell its story, and how many un- 
seen companions it bas. And if this be the case with the Bun, what 
shall we say of the magnificent hosts of the stars? May not every 
one of them have special elements of its own? Is not each a chemical 
laboratory in itself? Look at the cluster in the sword-handle of Per- 
seus; in Cassiopeia, a universe of stars on a ground of star-dust; in 
IIercules-of which, as astronomers say, no one can look at for the first 
time through a great telescope without a shout of wonder-the most 
superb spectacle that the eye of man can witness! Look at the double 
stars of which so many are now known; emitting their contrasting 
rays, garnet, or ruby, or emerald, or sapphire. Each is in accordance 
with its own special physical conditions, though all are under the 
same uniyersal ordinance. I 
N ow, here a fact of surpassing importance presses itself on our 
attention. The movements taking place in those distant bodies are 
taking place under the same laws that prevail here on earth, and in 
our solar system. The law of gravitation, as developed by Newton, 
bears sway in all those distant worlds. In them bodies attract each 
other with forces directly as their masses and inversely as the squares 
of their distances. There the laws of the emission, absorption, and 
transmission of light are the same as they are with us. There ignited 
hydrogen gives forth its three rays, the same rays that it gives forth 
to us. In the uttermost parts of the universe the law of definite com- 
bination, the numerical law, and the multiple law, stand good. So- 
dium absorbs its two waves of definite refrangibility, ::md iron gives 
in the spectra its more than a hundred lines, more than a hundred 
silent Lut convincing witnesses of the uniformity of the constitution 
of the universe. There the number of vibrations that constitute a ray 
of definite refrangibility is the same we have found it to be here. In 
the enormous heat of those central suns the dissociation of molecules 
may be of a higher order than we can reach artificially, but the law 
under which it takes place is a continuation of the law here. There, 
though the weight of a given mass of matter is different from what it is 
with us, it is nevertheless determined by the law that determines here- 
the la w of gravitation. There energy is indestructible, and is measured 
as it is measured among us, by work. Then is there any boundary 
that we can assign to natnrallaw-is it not omnipresent, universal? 
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Pcrhaps there is no exaggeration in the assertion-for there seems 
abundant proof of its truth-that the light by which we see some of 
those distant orbs has crossed through such a prodigious space that 
millions of ycars have transpired during the journey. Then the phe- 
nomcna it brings to us are those that wcre engendered in the begin- 
ning of the vast time so passed. 'Yhatever there is that is in harmony 
with facts now happening here, is to us an unimpeachable evidence 
that the laws which were governing in those old ages have undergone 
no deprcciation, but are active as ever until now. Then shall I exag- 
gerate if I say that those laws are eternal in duration? 
Infinite in influl-nce, eternal in duration, what a magnificent spec- 
tacle! In the resistless energy of the motions of the universe is tLere 
not omnipotence? The Omnipotent, the Infinite, the Eternal, to what 
do these attributes belong? 
Shall a man who stands forth to vindicate the majesty of such 
laws be blamable in your sight? Hather shall you not with him be 
overwhelmed with a conception so stupendous? And yet let us not 
forget that these eternal laws of Nature are only the passing thoughts 
of God. 
But, grand as this is, there is something still grander. There is 
another temple into which we have to pass, not that of the visible but 
that of the invisible. 'Ye must persist in the invasion we have made, 
in the revolution we have brought about in physiology. We have to 
determine the laws which preside in the nervous system of man, and 
discover the nature of the principle that animates it. Is there not 
something profoundly impressive in this, that the human mind can 
look from without upon itself, as one looks at his phantom image in a 
mirror, and discern its own lineaments and admire its own move- 
ments? l\ly own thoughts have of late years been forcibly drawn to 
this, from a recognition that the interpretation by the mind of im- 
pressions from without takes place under mathematical laws, as, for 
instance, that when external ethereal vibrations create in tbe mind a 
certain idea, tllat same idea will arise when the vibrations are doubled, 
or tripled, or quadrupled in frequency; but other ideas will be engen- 
dered by vibrations of an intermediate rate. ï et what these ideas 
will be may be predicted. It is true that this is only an optical case, 
but it extends the view that has been offered to us by a study of the 
structure of the ear. In the labyrinthine compartment of that organ 
the ultimate fibres of the auditory nerve are laid on the winding 
plane of the 8pirallamina, in ever-decreasing lengths, each cnpable of 
trembling to thc sound which is in unison with it-a mechanical action 
truly, answering to the sympathetic vibration with which the strings 
of a piano will respond to the corresponding notes of a flute-and 
these :ue tran!'lated by the mind into all the utterances of articulate 
speech, all the harmonies of music-speech that engenders new ideas 
within us) strains which, though they may die away in the air, live 
VOL. x.-21 
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forever in the memory. The exquisite delight we experience in listen- 
ing to the works of our great comI>oser::; arises thus in mechanical 
movements, which are the issue of mathematical combinations. The 
unseen world is under the influence of number! 
But what is number except there be one who numbers? 'Yhen 
Pompey, in his Syrian war, broke into the holy of holies at Jerusalem, 
he expressed, as Tacitus tells us, his astonishment that there was no 
image of a divinity within; the shrine was silent and empty. And 
so, though after death we may anatomize and explore the inmost re- 
cesses of the hrain, the veiled Genius that once presided there has 
eluded us, and has not left so much as a phantom-trace, a shadow of 
himself. 
The f'xperiments of Galvani and Volta have not yet reached their 
conclusion; those of Faraday and Du Bois-Heymond have only yielded 
a. preliminary suggestion as to the nervous force. Excepting the 
great sympathetic nerve, the nervous fibres themselyes are, as is well 
known, of two classes-those that gather the impressions of external 
things and convey them to the nerve-centrf's, and those that transmit 
the dictates of the will from within outwardly. The capabilities of 
one of tlJe former-the apparatus for sight-have been greatly im- 
proved by various optical contrivances, such as microsco})es al1d tele- 
scopes, an earnest of what may hereafter be done as re
pects the four 
other special organs of sense; and, as concerns the second cla8s, the 
result of mental operations, the resolves of the will, may be transmit- 
ted with greater velocity than even in the living system itself, and 
that across vast terrestrial distances, or even beneath the sea. Tele- 
graphic wires are, strictly speaking, continuations of the cf'lltrifugal 
nerves, and we are not without reason for believing that it is the same 
influence which is active in both cases. 
In a Rcientific point of view, such improvements in the capabilities 
of the organs for receiving external impressions, such extensions to 
the distances to which the results of intellectual acts and the dictates 
of the will may be conveyed, constitute a true de\ elopment, an evo- 
lution, none the less real though it may be of an artificial kind. If 
we reflect carefully on these things, bearing in mind what is now 
known of the course of development in the anima] series, we shaH not 
fail to remark what a singular interest gathers round these artificial 
developments-artificial they can scarcely be called, since tbpy them- 
selves have arisen intériorly. They arc the result of intellectual acts. 

Ian has been developing himself. lIe, so far as the earth is con- 
cerned, is becoming omnipresent. The electrical nerves of society are 
spread in a plexus all oyer Europe and .America; their commiRsural 
strands run under the Atlantic and the Pacific. 


In many of the addres8es tha.t have been made during the past 
summer, on the Centennial occasion, the shortcomings of the U nitcd 
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States in extending the boundaries of scientific knowledge, especially 
in the physical and chemical departments, have been set forth. "We 
must acknowledge with Rhame our inferiority to other people," says 
one. " '\Ve have done nothing," says another. 'Yell, if all this be 
true, we ought perhaps to look to the condition of our colleges for an 
explanation. But we must not forget that many of these humiliating 
accusations are made by persons who are not of authority in the matter; 
who, because they are ignorant of what has been done, think that 
nothing has ùeen done. They mistake what is merely a blank in their 
own information for a blank in reality. III their alacrity to depreciate 
the merit of their own country, a most unpatriotic alacrity, they would 
have us confess that for the last century we haye been living on the . 
reputation of Franklin and his thunder-rod. 
Perhaps, then, we may without vanity recall some facts that may 
relieve us in a measure from the weight of this heavy accusation. We 
have sent out expeditions of exploration both to the Arctic and Antarc- 
tic seas. 'Ve have submitted our own coast to an hydrographic and 
geodesic survey, not exceJIed in exactness and extent by any similar 
works elsewhpre. In the accomplishment of this we have been com- 
pelled to solve many physical problems of the greatest delicacy and 
highest importance, and we have done it successfully. The measuring- 
rods with which the three great base-lines of 1\laine, Long Island, 
Georgia, were determined, and their beautiful mf'chanical appliances, 
have exacted the publicly-expressed admiration of some of the greatest 
European pl1ilosophers, and the conduct of that survey their unstinted 
applause. 'Ve have instituted geological surveys of many of our 
States and much of our Territories, and haye bpen rewarded not merely 
by manifold tJcaI1)enefits, but also by the higher honor of extending 
very greatly the boundaries of that noble science. At an enormous 
annual cost we have maintained a meteorological signal system, which 
I think is not equaled and certainly is not surpassed in the world. 
Should it be 8
id that selfish interests have been mixed up with some 
of tbese undcrtakings, we may dcmand whether there was any selfish- 
ness in tbe survpy of the Dead Sca? 'Vas there any selfi
hness in 
that mission which a citizen of New York sent to equatorial Africa 
for the tinding and relief of Liyingstone, any in the astronomieal C'x- 
pedition to South America, any in that to the valley of the Amazon? 
'Vas there any in the sending out of parties for the observation of the 
total eclipses of the sun? It was by American astronomers that the 
true character of his corona was first determined. Was there any in 
the seven expeditions that were dispatched for ol)serying the hansit 
of V pnus? 'Vas it not here that the hi-p:utition of Bela's comet was 
first detpcted, here that tIle eighth satellite of Saturn was di8covered, 
here that the dusky ring of that I)]anet, which had esca!Jed the pene- 
trating eye of IIerschel and all the great Europcan astronomers, was 
first seen? 'Yas it not by an .American telescope tl}3,t the companion 
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of Sirius, tlte brightest star in the heavens, was revealed, and the 
mathematical prediction of the cause of his perturbations verified? 
Was it not by a Yale College professor that the showers of shooting- 
stars were first scientifically discussed, on the occasion of the grand 
American display of that meteoric phenomenon in 1833? DiJ we not 
join in the investigatiom; respecting terrestrial magnetism instituted 
by European governments at the suggestion of IIum boldt, and con- 
tribute our quota to the results obtained? Did }lot tIle Congress of 
the United States vote a money.graut to carry into effect tbe inyen- 
tion of the electric telegraph? Does not the }Hlblished flora of the 
United States show that something bas been done in botany? Have 
not very important investigations been made here on the induction of 
magnetism in iron, the effect of magnetic CUI'rents on one another, the 
translation of quantity into intensity, and the converse? Was it not 
here that the radiations of incandescence were first investigated, the 
connection of increasing temperature with increasing refraJ]gibility 
shown, the distribution of light, heat, and chemical activity in the so- 
lar spectrum ascertained, and some of the fundamental facts in spec- 
trum analysis developed long before general attention was given to 
that subject in Europe? IIere the first photograph of the moon was 
taken, here the first of the diffraction spectrums was produced, here 
the first })ortraits of the human face were made-an experiment that 
has given rise .to an important industrial art! 
Of our own special science, chemistry, it may truly be aflìrmed that 
nowhere are its most advanced ideas, its new conceptions, better under- 
stood or more eagerly received. But how useless would it be for me 
to attempt a description in these few moments of what Prof. Silliman, 
in the work to which I h3.,'e already referred, found that he could not 
include on more than 100 closely-printed pages, though he proposed 
merely to give tbe names of American chemists and the titles of their 
works! It would be equally useless and indeed an in ddious task to 
offer a selection; but this may be said, that among the more promi- 
nent memoirs there are many not inferior to the foremost that the 
chemical literature of Europe can present. How. unsatisfactory, then, 
is this brief statement I have made of what might be justly claimed 
for American science! IIad it been ten times as long, and far more 
forcibly offered, it would still have fallE'n short of completene8R. I 
still should have been open to the accusation of not having done jus- 
tice to the subject. 
Have those who gloat over the shortcomingR of American science 
ever examined the Coast Survey reports, those of the Naval Observa- 
tory, the Smithsonian contributions, those of the American Association 
for the Advancement of Science, the proceeòings of the American 
Academy of Arts and Science, those of the American Philosophical 
Society, the Lyceum of Natural Hist
ry, and our ll'ading scientific 
periodicals? Have they ever looked at the numerous reports pub- 
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lished by the authority of Congress on geographical, geological, engi- 
neering, and other subjects-reports often in imposing quartos mag- 
nificently illustrated. 
Not without interest may we eXl)lore the origin of the depreciation 
of which we thus complain. In other countries it is commonly the 
case that each claims for itself all that it can, and often more than is 
its due. Each labors to bring its conspicuous men and its public acts 
into the most favorable point of view; each goes npon the maxim 
that a man is usually valued a't the value he puts upon himself. But 
how is it with us? Can any impartial person read without pain th(> 
characters we so often attribute to our most illustrious citizens in po- 
litical and, what is worse, in social life ? Can we complain if strangers 
accept us at our own depreciation, whether of men or things? 
'Ve need not go far to detect the origin of all this-it is in our 
political condition. Here wealth, power, preferment-preferment even 
to the bighest position of the nation-are seemingly within tIle reach 
of all, and in the internecine struggle that takes place every man is 
occupied in pushing some other man into the background. 
I fear that in political life there is no remedy for this, such is the 
violence of the competition, so great are the prizes at stake. But in 
the less turbulent domain of science and letters we' may hope for 
better things. And those who make it their practice to decry the 
contributions of their own country to the stock of knowledge mny 
perhaps stand rebuked by the expressions that sometimes fan from 
her generous rivals. }Iow can they read without blushing at their 
own conduct such declarations as that recently uttered hy the great 
organ of English opinion, the foremost of English journals? TIle 
Times, which no one will accuse of partiality in this instance, 8ays: 
"In the natural distribution of subjects, the history of enterprise, dis- 
covery, and conquest, and the growth of republicR, fell to America, 
and she has dealt nobly with them. In the wider and multifarious 
provinces of art and science she runs neck and neck with the mother- 
country, and is never left belJind ! " 
There are among us some persons who depreciate science merely 
through illiterate arrogance; there are some who, incited lJY super- 
ficiality, dislike it; there arc Rome who regard it with an eyil eye, be- 
cause they think it is undermining the placid tranquillity they find in 
lifè-long cherished opinions. There are some who hate it because they 
fear it, and many because they find that it is in conflict with their in- 
terests. 
But let us who are the servants of Science, who have t1edieated 
ourselves to her, take courage. Day by day the number of those who 
hold her in disfavor is diminishing. 'Ve can disregard their misrep- 
resentations and maledictions. :Mankind has made the great dis- 
covery that she is tbe long-hoped-for civilizing agent of the world. 
Let ns continue our labor unoùtrusively, conRcious of the integrity of 



326 THE POPULAR SOIENOE MONTHLJ T . 


our motives, conscious of tbe portentous change which is taking place 
in the thought of the world, conscious of the irresistible power which 
is behind us! Let us not return railing for railing, but, above all, let 
us deliver unflinchingly to others the truths that Nature has delivered 
to us ! 
The book of Nature! shall not we chemists, and all our brother- 
students, whether they be naturalists, astronomers, mathematicians, 
geologists, shall we not all humbly aI
d earnestly read it? Nature, 
the mother of us all, has inscribed her unfading, her eternal record Oll 
the canopy of the skies, she has put it all around us on the platform 
of the earth ! No man can tamper with it, no man can interpolate or 
falsify it for his own ends. She does not command us what to do, nor 
order us what to think. She only in\'Ìtes us to look around. For 
those who reject her she has in reserve no revenges, no social ostra- 
cism, no index expurgatorius, no auto-da-fé! To those who in purity of 
spirit worship in her heaven-pavilioned temple, she offers her guidance 
to tbat cloudy shrine on which Truth sits enthroned, "dark with the 
excess of light!" Thither are repairing, not driven by tyranny, but 
of their own accord, increasing crowds from all countries of the earth, 
conscious that, whatever their dissensions of opinion may heretofore 
have been, in her presence they will find intellectual concord and 
unity. 


... 


MENTAL OVER'VORIL 


By ROBERT FARQUHARSON, M.D. 


T o hit off the happy medium between over- and under-work is no 
easy task even. to those who have the necessary knowledge, on 
the one hand, and the liberty to arrange their own scheme of occupa- 
tion, on the other. But, for one person who is injured by doing too 
much, I quite believe witb Dr. Wilkes that many may be found who 
are sustaining serious damage from not having enough mental stimu- 
lus. The listless vacuity in which so many of the well-to-do classes 
spend their lives, the want of any incentive to exertion, and the ab- 
sence of any attempt at real thought which tbe wide-spread prevalence 
of ready-made opinions in our periodical literature directly encour- 
ages, must cause more or less degeneration of intellectual power. U n- 
del' these conditions the brain gradually loses its healthy tone, and, 
although quite equal to the daily calls of a routine and uneventful ex- 
. istence, it is unable to withstand the strain of special sudden emer- 
gency, and, when a heavy load of work is unexpectedly thrown upon 
it in its unprepared state, then we see all the worst consequences of 
what may be caUed overwork develop themselves. It is no uncom- 
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mon experience to meet with cases in which damage has been done to 
the bodily constitution by indulging too recklessly in athletic exer- 
9 cises and active }Jhysical exertion when the mu
cles have become 
flabby and feeble from disuse. A man accustollll'd to 8edentary pur- 
suits takes suddenly to boating or running, or the horizontal bar, and, 
if he escapes straining his heart, he is certain to mal..e himself stiff" 
and uncomfortable. Or he has been told that there is nothing like 
Switzerland for reviving the faded Londoner, 80, without the slightest 
attempt at preparation, he dovotes himself enthusiastically to climb- 
ing ice-peaks and traversing snow-passes; and, when his brief holiday 
is over, he comes back, worn and jaded
 and astonished to find that 
the glacial air, which has proved so beneficial to many, has dOlle 
nothing for him. 
N ow, the fault Jlere lies in the want of proper preliminary training. 
Even as we do not prescribe quinine as a tonic until we have ascer- 
tained that the digestive functions of our patient are in good working 
order, so it is most improper for anyone to attempt active muscular 
exertion without bracing up the previously-unused muscles by care- 
fully-graduated exercise. And in mcntal operations the same analogy 
holds good. If the brain is not habituated to the constant gymnastic 
.influence of steady work, it is Hable to give way or suffer more or less 
injury from any sudden and spasmodic effort. If, on the other hand, 
however, its healthy nutrition is insured by the flee supply of pure 
blood and the true balance between deðtruction and repair, we shall 
find ourselves in possession of an organ which will bear almost any 
amouut of steady strain, so long as certain conditions are fulfiBed. 
So long as a brain-worker is able to sleep well, to eat welI, and to take 
a f
JÌr proportion of out-door exercise, it may safely be said tl13t it is 
not necessary to impose any special limits on the actual numher of 
hours which he devotes to his labors. But when what is generally 
known as worry steps in to complicate matters, when cares connected 
with family arrangements, or with those numerous personal details 
which we can seldom escape, intervene, or when the daily occupation 
of life is in itself a fertile source of anxiety, then we find one or 
other of these three safeguards broken down. Probably the man of 
business or the successful advocate cannot shake himself free from his 
business thoughts at night. Slumber becomes fitful and disturb('ò. 
The sympathetic system, unsettled by the mental strain, brings about 
various defects in nutrition; the appetite fails, and the vigor of the 
nervous tissues is no longer able to ,vithstand the endless round; and 
then we meet with the sleeplessness, the dyspepsia, the irresolution, 
the irritability, and the depression, which are among the chief mis- 
eries of those who we are in the habit of saying are overworked. 
N ow, the Lancet has lately laid before its readers some interest- 
ing statements which would lead us to believe that damage is being 
done to many boys in preparatory schools by the strong competition 
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imposed upon them by the entrance-examination to the larger institu- 
tions, and by the ambition of their masters, who hope to derive profit 
and honor from their success. This is indeed a serious consideration, . 
and tbe possibility of a large section of our most promising lads being 
thus mentally stunted in early life would demand instant interference 
did we deem the charge fully proved. Now, with an deference, I 
would venture to express my opinion, based on some experience, tlJat, 
although we must not neglect so timely a warning of prohable rocks 
ahead, there is no specific evidence of present injury. During my 
residence at Rugby I was in medical charge of several preparatory 
schools where the educational standard was very high, and where the 
success was proportionate when the boys came to be drafted off into 
the big school. I may truly say that no case was brought under my 
notice during the space of three years which I could in any way trace 
- to overwork. And this I attribute to the perfect manner in which the 
counterbalancing conditions of health were sustained, the good food, 
satisfactory hygienic conditions, ample time for recreation and active 
sports, and frequent holiclaY8. Boys of that age do not fret or worry 
over their work-tlleY throw it off in their intcn"als of re}JOse, sleep 
well, eat well, play well, and so do not suffer. Depenù upon it, it 
would be little to the credit of any proprietor of a private educational 
estahlishment were he to neglect the laws of hf'alth, and send his boys 
home enfeebled and worn out from too heavy mental strain. 
As regards the larger public schools the same remarks apply, and 
I met with very few instances at Rugby of ,any bad conseqnences from 
overwork; and in the three or four well-marked cases which came 
under my care I was enabled to detect some other equally operative 
cause 'which predisposed to the seizure. Thus one lad, ambitious of 
diEtinction both at classics and foot-hall, bad undergone violent phys- 
ical exertion while exhausted by study, and the supply of nerve- 
force, not being available for this double strain, gave way, :1ud a sharp, 
feverish attack ushered in long-continued mental prostration. A 
second boy, who suffered from a precisely similar attack, llad been sit- 
ting up late at night, and felt some anxiety about a future prize; 
and the third lad, who completes the catalogue, had also consumed the 
midnight oil to an undue extent. But, as a general rule, the typically 
healthy life and surroundings of our great public schools enable their 
inmates to withstand a much greater amount of work th:m lads 
brought up at home, who are often unduly spurred on, and who have 
not the healthful stimulus of enforced active exercise. Among this 
class I have seen a much greater proportionate extent of temporary 
break-down from the effects of mental exertion too long sustained and 
too little relieved. 
Although the standard of the School Board is not very high, we 
may foresee a possible source of danger in forcing the minds of 
wretchedly feeble, ill-fed, and ill-housed children suddenly into edu- 



},[E.LVTAL 0 VERJVORK. 


3 2 9 


cational grooves. I think I have seen an increase of headachcs and 
nervous complaints among the children of the poor since compulsory 
attenùance has been enforced, and would ouly wish to record the... 
warning against attempts to lllake bricks too rapidly out of the straw 
which Las fallen into our hands to mould for good or ('vi-I. 
Coming to the unh.ersities, cases of overwork are, I imagine, more 
common there, for not only are the young men at a more 
ensitive 
period of life, but they naturally feel that to many of them this is 
their great opportunity-the great crisis of their existence-and that 
their success or failure will now effectually make or mar their career. 
I-Iere the element of anxiety comes into play, sleep is disturbed, exer- 
cise neglected, digestion suffer
, and the inevitable result follows, of 
total collapse, from which recovery is slow, and perhaps nevcr com- 
plete. Others, again, endeavor in their last year to make up for the 
frivolities of the fir
t two; but when Dr. 
lorgan takes 
lp for us the 
history of the intellectual life of the universities in the same exhaus- 
tive way in which he has traced the statistics of their leading oars, I 
doubt not that we shall find that the indictment of overwork brought 
against them has also been much exaggerated. 
But, although less common than is generally supposed, instances 
of this class of break-down do occur from time to time, and I should 
like to ask those who have devoted special attention to nervous dis- 
eases what is their view of the pathology of such cases as the fol- 
lowing: 
A student, or an artist, or the master of a public school, after a 
very heavy mental strain, suddenly gÍYes way, and is seized with 
sharp illness, comparable in some degree to the old-fashioned brain- 
fever. On his recovery he takes a prolonged rest, and his general 
health is perfectly restored; he looks strong and hearty, and l]aA 
even gained fieRh, and so at last he thinks himself wen enough to rp- 

ume his duties. But it is fonnd that, although he can do 11 little, any- 
thing like his old power of concentrated attention :'ind steady appli- 
cation is gone, and if he tries to do a full day's work, he breaks down 
again in minor degree, and at last is ohliged to content him8elf with 
taking only' a very slight sllare in those occupations in which IH' used 
specially to excel, and in many cases his powers are never fully re- 
gained. 'Vith all the outward appearances of health, he well knows 
the very narrow limits within which he is now compelled to restrict 
his intellectual exercisc. 'Vhat, then, is the precise pathological con- 
dition here ? Various diseases are also known to weaken the mental 
powers for long periods after convalescence is established, and of these 
scarlet aud enteric fovers rank among the principal.-Lancet. 
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G ENTLEl\IEN: It has devolved upon me this year to deliver, in 
accordance with prescribed custom, the introductory lecture to 
the course of systematic instruction upon which you are about to 
enter. At the outset I am free to confess that I have been not a lit- 
tle perplexed and troubled about what I ought most fitly to say; like 
many of my predecessors in the office, I }lave found the choice of 
subject beset with difficulties, and I have sma11 hOIJe that I can say 
anything to redeem the usual barrenness of the occasion. It is just 
twenty-five years since I, sitting where one of you now sits, listened 
to my first introductory lecture from the lips-mute, abs! now for- 
ever-of one whose pure and gentle nature attracted in no common 
measure the esteem, the respect, and the affection, of a11 who knew 
him. I mean the late Dr. Parkes. It is an extraordinary, almost an 
ull}Jaralleled, thing to say of any man, that no one who heard men- 
tion made of his name ever heard an in word said of him; but I be- 
lieve that this was strictly true of Parkes. His life, lovely and of 
good report throughout, was indeed a practical refutation of the say- 
ing, "'V oe unto you when all men shall speak well of you." If I 
could sketch in striking outline the features of his character, and set 
forth justly the pure course of his life-showing witI] what patient 
industry and entire sincerity of insight he worked in scientific in- 
quiries, how upright he was in all his ways, and how kindly consid- 
erate to others: how he li\'ed, and how, 'bis work faithfully done, he 
died-I should pt
obably give you an inspiring and most usefui in- 
troductory lecture; for I should present to you a noble example, the 
labor to imitate which would be an excellent scientific and moral 
training. But that has been done with more or less completeness 
by yarious persons, though not always, perhaps, with the discrimina- 
\ion which one would wish to see shown in the appreciation of such a 
character. It is a very amiable wish to say everything good of a man 
when he is silent forever, and the vocabuIat.y of flattering words is 
apt to be exhausted in the endeavor to gratify this feeling, the effect 
sometinles being that the actual features of tIle character are blurred, 
and something which is intended to be very perfect, but which is 
very unreal, is produced. It seems to me that the distingnishing 
characteristic of Parkes, that by which mainly he was what he was, 
was not 80 much originality or height of intellect (in tbis others bave 
equaled or surpassed him) as the height of his moral stature-in this 
1 Introductory lecture delivered at University College, London, October 2, 18'76. 
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perhaps h,e has hardly ever been surpassed; and that the grand les- 
SOIl to be learned from the extraordinary esteem and affection which 
he in
pired, from the infection of earnestness and sincerity which 
spread from him, and from the elevating influence which he exerted 
upon those who were brought into close converse with hi
, is a les- 
son which the history of human progress through the ages teaches 
too, and which needs much to be had in relnembrance in these days 
of tbe glorification of science. It is this: that great as is knowledge, 
the moral nature is greater still; that the impulses of evolution which 
move the world corne not from the intellect, but from the heart; 
that he who would work upon the hearts of others must speak to 
them from the heart; that everywhere and always we have to recog- 
nize the predominance of the heart over the intellect. 
Perhaps if I could recall vividly the th
.Hlghts and feelings of my 
mind when sitting there twenty-five years ago, alld compare, or rather 
contrast, them with my thoughts and feelings now, I might extract 
from the compa'rison the essence of a quarter of a century's ex!)eri- 
ence of life, and impart to you what it will probably t3ke you a quar- 
ter of a century to acquire. But I am doubtful whether that would 
not be to do you a great disservice, for I could hardly fail thereby 
to take much heart out of your hopes, much ardor out of your entllU- 
siasm, much energy out of your exertions. l\Ioreover, I feel pretty 
sure that what I could say, however wisely it might be said, would 
not be of the least use to you: N either nations nor individuals profit 
much by the experience of other nations or of other individuals; 
they must go through their experience for themselves; learning 
through suffering, succeeding through blundering, attainiÐg to the 
calmness of wisdom through the fevers of passion; and many tim
s 
only when opportunities are gone, and their consequences in irrevo- 
caùle operation, is it seen perhaps how much better use might ha\"e 
been made of them. No doubt there is wise purpose in this inaùility 
of the young to take home and assimilate the experience of those 
who are older; for I know not how they could preserve tbat enthu- 
siasm and freshness of spirit which make life itself a joy, and beguile 
them to pursue with eagerness its aims, were their illusions destroyed, 
as illusions one after another are destroyed Ly experience. In the 
full stream of its young energy life is too little conscious for reflec- 
tion; to live is happiness enough; in its later stages more and more, 
as the heart is applied to know wisdom, is it felt to be ,'anity 3nd 
vexation of spirit. This may seem a hard doctrine, but it is true; it 
has been the experience of the greatest sages of all times; it is the 
central thought of the great religious systems of the world. 
Let me pass, however, from reflections which, if pursued, might 
tenò to dishearten rather than to hearten you, and endeavor to show 
you that, as things go, you have made a good choice of a profession 
for your life's work. I should be thought to ha,'e ill discharged the 
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function of introductory lecturer by preaching a gospel of pessimism, 
and inoculating you at the outset of your career with a despair of the 
littleness of life. 'Vhatever the motive which has made you choose 
the medical profession as your lifc-career-and I suppose this has in 
most cases been the ad,'ice or example of others, or pcrhaps some 
quite accidental influence; for it is a startHng consideration on what 
little circumstances the great issues of life often turn-you will not, 
I think, ever have cause to regrct your choice if you look to the higher 
aim of it, and to that which is the proper end of human life. But on 
that condition only. It is not a profession which one who is ambi- 
tions of worldly distinction, or eager to accumulate much riches, 
should choose. You might, with prudence and industry, get vastly 
richer on the Stock Exchange or in commerce in a short time than 
you will probably after the labor of a long life in medical practice; 
and if you would .aspire to gain a peerage or other ornamental thing of 
that kind, you would have done better to ha,'e gone into the army, and 
to have set before you as an aim, not the saving but the destruction of 
life; or to the bar, and have sold the highest exertions of your intel- 
lect to ad '"ocate the cause, whether the cause of the oppressor or of 
the oppressed, tor whieh you were retained. Peerages don't come our 
way, and I am heartily glad they do not, for I much fear that there 
would not be the strongth of mind to reject them; tbat a pitiful social 
ambition might tempt us to spoil the simple intrinsic nobility of our 
vocation with the outworn decorations of a childish stage of human 
progress. If medical practice be pursued as a mere means of money- 
getting, assuredly it causes the deepest demoralization of him who so 
us
s it, as best things turned to basest enàs breed the greatest cor- 
ruption. lIe who deliberately applies himself to take the utmost ad- 
vantage of the suffering and the feebleness of humanity, coming to 
him for aid in its anguish and its utter helplessness, in order to make 
his profit-and we may hope there are not many creatures of that 
vileness in the profession-may have large success in his low aim, but 
he discovers a meanness and a degradation of nature which al.e a 
grievous shame to his kind, and which devils might almost disdain. 
But if you look to what is the true end of knowleàge and \Vork- 
to relieve the suffering and to minister to the comfort of man's estat(', 
to lessen the sum of human sorrow on earth-you have chosen a 
profession wlJich yields the fullest satisfaction to your aim and the 
largest scope to your work. We learn in order to a
t, the end of all 
knowledge being action; and the end of all action is to promote tbe 
welfare and the progress of mankind upon earth. In no profession 
are the opportunities of doing this good work so great and constant 
as in ours; to the least of us, as to the greatest, occasions of tender 
sympathy and patient help occur every hOUI. in tbe daily routine of our 
work; and no profession, therefore, rests so little for appreciation 
upon any adventitious circumstance of time or place, or so little needs 
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extraneous titles of honor to give it dignity and re
l)ect. Put a doc- 
tor in the mid
t of the wilùest savages, and they will respect the 
" medicine-man," when the lawyer's fluent sophistry aud the l)reacher's 
pathetic eloquence would not gain them consideration, or even save 
them from death. Livingstone passed unharmed and esteemed among 
tbe savage tribes of Africa under the protection of his medical skill; 
and Christ himself cultivated tbe character and functions of a 11Caler 
of disease, Hot only because in that capacity he went about doing good, 
but probably also, as De Quincey surmised, for the secret reason that he 
thus disarmed the jealousy and suspicion which the ruling authorities 
might otherwise have felt of the crowds which he drew about him. 
'Yhen the mighty fabric of the Roman Empire, penetrated by internal 
decay, at last fell to pieces under the successive assaults of the Goths, 
and the Vandals, and the Huns, many thousand l)ersons were, as Gibbon 
tells us, taken captive and distributed through the deserts of Scythia; 
and it is interesting to note what was the relative value of persons under 
these circumstances. "The skill of an eminent lawyer would excite 
only their contempt or their abhorrence. 'l'he vain sophist or grave 
philosopher who had enjoyed the flattering applause of the schools 
was mortified to find that his rohust servant was a captive of more 
value and importance than himself. But the Inerit of the physician 
was received with universal favor and reEpect; the barbarians who 
despised death might be apprehensive of disease." So long as mall 
deems it the most important thing in the world to llim that he should 
go on living-and he does that commonly as long as he is alive-so 
long will he hold in favor and esteem him whom he believes able to 
prevent or to mitigate the suffering of disease, and to keep at bay 
." the last enemy," death. It has always been so. "Honor a physi- 
cian with the honor due unto him for the uses which ye may have of 
him; for the Lord hath created him." 
I-Iaving seen how good a thing is the direct work of relieving suf- 
fering by medical art, let me now go on to point out that the training 
through which you go in order to fit yourselves to do this is excel- 
lently well adapted to make the most of your intellect as an instru- 
ment of knowledge. It seems to me that no education which is given 
anywhere, taking it all in an, is hetter than that through which it is 
necessary to go in order to become a thoroughly accomplished physi- 
cian. You are brought into direct contact with the facts of K aturc, 
face to faC'e with them from the bpginning of your course; step by 
step you advance in the practice of observation and reflection, from 
more flimple to more complex phenomena, and so you learn to make 
the order of your ideas conform gradually to the order of K ature. 
That is real instruction; moreover, it is instruction at first hand. In 
intercourse with Nature, sophistry and pretense avail nothing; sin- 
cerity, and humility, and veracity of mind, are essential; we mu
t lcarn 
patiently her laws, and, learning, obey them) or we ourselves, our con- 
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temporaries, or onr posterity, will suffer infallibly from tbeir viola- 
tion. There is no possibility of hoodwinking those eternal laws which, 
in our dea1ings witb them, never make a mistake and never oyerlook 
one, never forego an 
dvantage, never shrink to exact n;tribution, 
neyer feel remorse. \Vhcn a person leaves college with a very respect- 
able knowledge of Greek and Latin authors, and with little or noth- 
ing more than that, it seems preposterous that he should think him- 
self an educated person. If he has learned nothing about the stars 
above his head and the earth b('neath his feet; nothing about the na- 
ture of the air which he breathes, of the water which he drinks, of the 
food which he eats; cannot tell why water rises in a pump, or bow a 
man breathes, and why he dies if he cannot get air to breathe; knows 
nothing whatcver of the laws of the world in which he lh.es and of 
which he is a part, he is surely a profound ignoramus, notwithstand- 
ing that he may be able to nlake indifferent Greek or Latin verses. 
I would not for a moment undervalue the priceless benefits of a knowl- 
edge of Greek and Latin authors; on the contrary, I am sure that a 
study of the works of these great minds of antiquity, full as they are 
of the rich stores of human obser'vation and thought; expressed in the 
most chaste, concise, and finished language, produces a discipline of 
int.ellect and a refinement of culture which can be got in no other 
way, and the lo
s of which in youth nothing gaincd afterward will 
ever entirely compensate for; but I am sure also that if Plato or Aris- 
totle, or any of those great thinkers of antiquity, were to li,'e again 
now, he would look with amazemcnt and compa
sion, if not with con- 
tempt, OIl men who are content that education should consist in study- 
ing only the writings of the past, in utter lwglect of the wonderful 
workR of Nature to which the later ages of mankind have gained access, 
and of the vast stores of knowledge which have been gradually ac- 
cumulated by the patient labors of successive generations of men. 
He would be apt, I think, to say something of this sort: "Good Heav- 
ens! \ve lived more than two thousand years ago; have you in all 
that time gained no new experience of men and things which it would 
be well to make an essential part of the intellectual culture of your 
children? is it education enough for life now to let them learn from 
us what we thought of men and things more than two thousand years 
ago, and to train them in a study of the structure of our dead Ian- 
gua
e ? " To state the luatter so, sufficeth to expose its absurdity. 
Now, tbe training of a medical man, when thorough, is admirable 
in this respect, that it follows the order of Nature, beginning with 
the less complex and rising to the more complex sciences, using the 
lower as a ladder hy which to mount up to the higher. Coming to 
llis work, as he certainly should do, with a fair knowledge of mathe- 
matics and. physics, he proceeds to the study of chemistry, and pass('s 
on thence to the study of physiology; so he lays deep and firm the 
scientific groundwork for tbe study of the disorders of the structure 
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and functions of the body, which is to be his u1timate Rpecial work. 
"\Vithout the foundations of the prerequisite studies he will not. be a 
thoroughly well-grounded and cultivated physician, who may be re- 
lied upon to perfect his knowledge by experience through life, al- 
though he nlay no doubt lJe a fair practitioner in the routine which 
he has ùeen taught, or, if he devotes himself to surgery, skillful as a 
mere operator. A kn
wledge of the simpler and morc general sci- 
ence is an essential prerequisite to the study of the more complex 
and special science. Physics lie beneath chemistry; in physics and in 
chemistry we search for those intimate operations of matter which 
lie at the foundation of physiology; and physiology in its turn is 
essential to the construction of tbe more com})lex science which is 
concerned with man in his social relations-that is, sociology. And 
I may observe, by-the-way, that psychology, which is an important 
study for the man who has to put right the disorders of the minds 
and bodies of his kind, demands not oJlly a thorough knowledge of 
physiology, but observation, also, of man in his social relations. 
Each science rests upon the one below it, but reflecting the increasing 
complexity of Nature as we l'ise from the movements of masses to 
the mo\.ements of molecules of matter, and to the co
binations and 
relations of atoms, from dead again to living matter, from tIle sim- 
plest forms of life to complex organisms, and from organisms to the 
social union of organisms, contains in ascending scale sometl}ing 
more than the science below it-something which constitutes its au- 
tonomy as a science. PhYRiology being placed in this scale, as you 
perceive, between chemistry and sociology, is on that account a most 
instructive study at the present time, when chemistry has made great 
progrcss toward scientific exactitude, and when the culth.ati()n of 
the new field of social science is just being entered upon; there is no 
science, in fact, which yields such rich promise of large discoveries 
in the immediate future, and no science the discoveries of whic}}, 
when applied to human needs, will do so much to lessen physical suf- 
fering. Fortunate are you, then, in tbe training which prepares you 
for the study, and in the lot wlJich at this particular era has fixed 
your work in the pursuit, of a science which promises so great an 
abundance of good fruit. 
One warning I would stop a moment here to urge. 1YIlÏle recog- 
nizing the 
ubordination of the sciences, we ought not to overlook 
tbe fact that all the sciences are at bottom artificial divisions; that 
the world is not divided rigorously into those different domains which 
we call physics, chemistry, physiology, and the like; that we n1ake 
the divisions for our convenience according to the complexity of the 
phenomena, not because we discover them in Nature. K ature is one 
and 'continuous, and takes not the least notice of the arhitrary divi- 
sions which we find it necessary to make. It would seem a "Very ob- 
vious distinction between plant and animal; and Jet if we push our 
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investigations into that border-territory of Nature where animal and 
vegetable life touC'h, we meet with so-called monads-the Heteromita, 
for example-which may be referred with equal justice to either king- 
dom; there are organisms which we think vegetable, having charac- 
ters which we can animal, and organisms which we call animal, hav- 
ing characters which we think vegeta1le; tLere is, in truth, no 1ine 
of demarkation, but instead an insensible series of gradations, and no 
man can say where the one kingdom ends and the other begins. In 
like manner, notwithstanding the seemingly gross aud palpable dis- 
tinction between living and dead matter, anyone who sets himself to 
work to find out where life begins. will be hard put to it to draw a 
line of separation, and more hard put to it when called upon to make 
good his division. lUan himself, much as he makes of himself, is not 
separated from the rest of Nature by an impassable gulf; he modifies 
- Nature largely, it is true, but the art by which he does that is Nature; 
he is a part of the order thereof-the latest product of the,evolution 
which went on for countless ages before he ap}Jeared upon earth, 
which is going on now in his progress, his knowledge and his .moral 
feelings being agencies in the process, an"d which, for anything we 
know, will go. on for countless ages after the earth, which he has 
ceased to replenish and subdue, has fallen into the condition in which 
the moon now is, and rolls on its solitary way through space, a cold 
and desert globe, the tomb of all human aspirations, sorrows, sins, 
and achievements. In m.aking m
e, theil, of the arbitrary divisions 
of our sciences, we ought never to lose hold of the actual unity and 
continuity of X aturc; never to overlook the fact that there is not a 
single truth in any science which has not its essential relations with 
the truths of all sciences; never to forget that the least things and 
the greatest are indissolubly bound together as equally e
sential ele- 
ments of the intimately conneC'ted and mysterious whole which we call 
the universe. It may seem a fanciful sayin
, but there is a truth in it, 
that you cannot utter an exclamation, strike a note on a piano, move 
a gr
1Ìn of sand from its place, without afì:ècting the entire universe. 
i N ow the systematic training of the mind in conformity with the 
order of N at UTe, through patient observation and careful induction, 
the knowledge of Nature which is got by becoming, as Bacon says, 
her selTant and interpreter, is a tedious business. l\Ien, thérefore, 
have glallly shirked it; they hnxe found it much ensier to attribute 
phenomena to some metaphysical entity which they have created out 
of a mental ahstract.ion, or to invoke a supernatural cause to account 
for thf'm, than to find ont the explanation. In consequence of this 
habit of mind, which has had large operation ill the past, a body of 
doctrine has grown up which, baving had its day, is now fast hecoming 
effete, bu
 which men will not willingly pnrt with-doctrine com- 
parable, if I may use a physiological comparison, with those organs 
which, like the thymus gland, have their uses at a certain stage of 



MEDICAL PROFESSION IN MODE'RN TJIOUGfIT. 337 


the body's development, but afterward, having no longcr any func- 
tion, undergo atrophy. !\Ioreover, men have not only shirked positive 
inquiry from indolence, but have hated it from hostility. They dread 
the thought of being shown to be one with Nature, and repudiate 
with abhorrence the suggestion that their bodies and minds will ever 
receive Rcientific explanation; as if their bodies and minds would be 
degraded to something quite different from what they are by being 
understood like other natural phenomena and described in terms of 
scientific thought. The supposition strikee them as something like a 
blasphemy against the nobility of their nature. IIcnce there is a 
deep.rooted instinctive hostility to the science that has to do witb 
man, which you will have to take account of in your careers-an hos- 
tility which has found partial expression, I think, in the anti-vivisec- 
tion agitation. There was more in the fierceness of that agitation 
than a laudable feeling of compassion for the animals-an intensity 
of acridity betraying another origin. There was the energy of fear 
and hatred-fear and hatred of the science which threatens the de- 
thronement of man from the pedestal of conceit upon which he has 
placed himself, and the destruction of some of his traditional beliefs. 
But a little reflection might serve to prove to those who are moved 
by these hostile apprehensions that they are possessed with an unrea- 
soning fear, and are disquieting themselves in vain. Let them look 
beyond the dark circle of their self-love, and they will see that what 
IS good in old creeds does not perish; that., although old forms vanish, 
as generations and nations pass away, that in them which gave life to 
them does not pass away, but puts on new forms and survives, as new 
generations and nations follow and carry onward the work of progress. 
Better would it be for them to seek for and foster the good which 
surYÏves than to lament and defend the old which is corrupt. 
Certainly science has not been careful to avoid occasions of offense 
in its progress, and of its method and pretensions its votaries have 
sometimes written in a strain which justly provokes scorn. While 
proclaiming, then, the praises of observation and induction, and ell- 
forcing the value of a mental training which is obtained by studying 
Nature after that method, let me interpose a few words of qualifica- 
tion, in order that I may not be misunderstood. I cannot help feeling 
that a great deal of questionable doctrine has been propounded con- 
cerning the so-called method of induction which science is enjoin
d 
rigidly to pursue, and that Bacon would have been aghast had be seen 
the absurdity which some persons in these days df'scribe as his method, 
and the imbecile procef1ures of some of those who believe that they 
are following it. They talk, in fact, of the method of observation 
and ind nction as if it were something to conjure by; a mechanical 
process of knowledge-getting which rendered sUI,erior mentål capacity 
unnecessary; a sort of intellectual ladder by which the most stupid 
beings, if they only planted it 
roperly, might mount up into the 
,",OL. x.-22 
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highest places of knowledge. That was not Bacon's notion of it: he 
perceived clearly enough tbat a man does not see with his eye, but 
thl'ough it; that seeing in the sense of observation is impossible unless 
there be behind the eye the intelligence to interpret w}Jat is presented 
to it. The simplest act of perception is indeed more than a mere 
matter of sense; it is an actual induction or inference in which an 
important clement is contributed by the mind; you cannot look at an 
ox or an ass, and know either of them to be what it is, without making 
an induction-can't see, in fact, until you are trained to see. Scientific 
observation and experimentation-and experiment is only observation 
aided by artificial means-may be carried on to the last hour of your 
lives without any result of the least value if you have not a mind 
trained to interpret. Of what use is it to torture Nature by strange 
experiments if you don't understand he.r language ? You might saCl.i- 
flee a hundred dogs or cats in cruel experiments, and be not a whit 
wiser at the end of your awful labors. Nature does not vouchsafe an 
answer to a scientitic inquiry unless the intelligent question be put, 
and the precise experiment made, as Bacon insisted J ad intentionem 
<jus quod quæriturj 1 and it is impossible to put the definite question, 
or to make the precise experiment, unless there be a prudently-formed 
hypothesis in the mind-that is to say, an hypothesis based upon pre- 
vious careful training in observation of Nature's processes and sonnd 
reflection upon them. The mind must be informed by patient and 
sympathetic intercourse with Nature; it is enabled then to make new 
adjustments by means of the knowledge which it has gained through 
past adjustments-to frame a new and true theory applicable to new 
experiences by reason of being stored with sound theories derived 
from past experiences. We shall do well, then, not to be too much 
intimidated by what is sometimes said or written in praise of mere 
observation of so-called facts, and in dispraise of theory, or imagine 
that any facts can be truly observed, or any science prosecuted with 
success, unless the well-trained mind coöpera.tes with the senses. As 
I have said elsewhere, "That some declaim 80 virulently against 
theory is as though the eunuch should declaim against lechery; it is 
the chast.ity of impotence." IIappy is the observer who, when he sets 
to work, has a good theory in his mind. The mischief is when men 
theorize who ha\Te not been trained in habits of accurate observation, 
or, I might go a step further and say, who have not inherited from 
father or grandfather in the foundations of their nature tbe lines ot 
veracity of observation and thought on which to develop; for when 
one notices how persons of a certain eager temperament go on dis- 
covering facts which are no facts, and, notwithstanding that they are 
brayed in the mortar of an annihilating criticism, are not in the least 
benefited by the discipline, one cannot help feeling that the observer, 
like the poet, is born, not made. 
I With special reference to the point under investigation. 
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But it is time to return to the direct line of my argument. From 
what has gone before, it should appear at what an excellent place of 

dvantage the order of studies for the medical profession is adapted 
to place you; how wisely it is arranged to train the mind for sound 
reflection upon those most complex phenomena of Nature with which 
the medical man has to deal-the phenomena of life in health and in 
disease; and how sadly wrong in theory and mischievous in practice 
he is likely to be who neglects to lay well the foundations of his men- 
tal training. If no practical result were to follow a medical education, 
if it were not pursued, as it is, for the purposes of the medical art, I 
believe that one who aspired to fit himself best to understand the 
world in which he Jives, and the men with whom he has to do, could 
not do better than go through it; for it would be an excellent founda- 
tion on which to build afterward. The study of man cannot be under- 
t.aken with any satisfaction, or carried out with any completeness, 
except through a previous study of the nature of which he is the 
present culmination; it is certainly not possible to enter the chamber 
of the mind without passing through the antechamber of the body; 
and we cannot understand the body unless we understand a good deal 
of the processes and laws of Nature which lie beneath biology. So 
far, then, :Mr. Lowe appears to be right when he regrets, as he is in 
the habit of doing, that he was taught so much classical knowledge 
and no science when he was educated, and contrasts the disadvantages 
under which he labored with the advantages which each student at a 
middle-class school now enjoys. Newspaper critics think that he is 
making jokes or firing off paradoxes, and would seemingly rather have 
:Mr. Lowe as he is than :Mr. Lowe as he might or would have becn; 
but I am disposed to think that JUr. Lowe's insight lIas enabled him 
to see what his critics quite fail to see-that the statesman who has 
to deal with the relations of men to one anotber in the world would 
be better qualified for his work if he had a good fundamental knowl- 
edge of the laws of man's nature and constitution, and of the laws of 
tl1e world in which he lives. The scientific Rtatesman-whcn we get 
him-will hardly deem it his highest achievement to shrink scared 
from the grasp of a principle, or his supreme privilege and merit to 
wait patiently to catch the fitful gusts of an ignorant public opinion. 
The application of the principle which I have been enforcing, of 
learning to know man through Nature, the thorough knowledge of his 
environment, and of those of his relations to it which constitute his 
life, must clearly be the foundation of a scientific medicine. Here, a
 
elsewhere, prevision for the purposes of action is our aim; we observe 
and infer in order to foresee, and, foreseeing, to modify and direct; 
we conquer hy obeying, gaining a knowledge of the phenomena of 
living beings in order to make ourselves masters of them, just as by a 
knowledge of physics and chemistry we gain a mastery over the phe- 
nomena of physical Nature. It is impossible to treat a sick per
on, 
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except in the most lamely empirical fashion, witbout a knowledge of 
the properties of the organism and of its relations to its environment; 
for our medical function is to remove the disorder of these relations, 
which is disease, and to restore the harmony, which is health. In past 
times it has been too much the practice to treat the body as if it were 
an entirely independent kingdom, without regard to its essential rela- 
tions with surrounding Nature, and to try to drive out the enemy 
which was supposed to have taken possession of it, by pills and po- 
tions, as barbarous nations try to drive him out by charms and cere- 
monies. N ow, however, in the recognition of the intimate and con- 
stant relations between the organism and its surroundings, we arc 
awaking to juster views of our duties as observers, and of out work 
as curers of disease; but it is because of the absence yet of anything 
like exact knowledge in this respect that medical practice is defec- 
tive, tentative, empirical, often mere guess-work, and that tbe most 
experienced physicians, waiting patiently on Nature, aim to do the 
least harm by the drugs which they employ. 
But we are perceiving more clearly, day by day, a larger applica- 
tion of this principle of looking to the relations of man, to what is 
around him as well as to what is within him, in the fulfillment of tbe 
great purpose of preventing disease. It is in this direction that the 
future course of medicine lies clearly open, and to this end that we 
must work; it will rise to the true height of its great vocation when 
it watches over communities, and ministers to the welfare and devel- 
opment of the race. I am apt to think that we shall attain to earlier 
and larger success in preventing the diseases of communities than in 
curing the diseases of the individual, as men who bad been seeing 
heavy bodies fall to the earth every moment of their lives discovered 
the law of gravitation for the first time when they began to observe 
the grand general motions of the heavenly bodies. Indeed, we have 
already had encouraging success. Look through the yearly death- 
list of this great city two hundred years ago, and you will find a large 
proportion of deaths ascribed to diseases which have now been robb
d 
of their sting, if they are not quite extinct. l\Iany persons died then, 
as "that chief of men," Cromwell, did, from ague. 'Vhere is the 
mortality of ague now? Ague has disappeared with the disappear- 
ance, through better drainage, of the damp fogs which occasioned it, 
as ghosts and other superstitions have vanished with the disappear- 
ance, before the light of knowledge, of the fogs of ignorance in which 
they were engendered. Bloody-flux or dysentery seldom occurs now 
in England, and is more seldom fatal, bllt it caused many deaths two 
hundred years ago. The ravages of small-pox were then terrible, 
hosts of victims being carried off by it, and many persons who escaped 
deatl) bearing its marks in blind eyes and hideously-scarred features; 
but I think we may foresee a time when, Keighley guardians notwith- 
standing, small-pox will no more affiict a prudent people. Plagn(
, 



MEDICAL PROFESSIO_ZV IN MODERN THOUGIIT. 34 1 


scurvy, and spotted fever, each of which then claimed regularly its 
yearly tribute of victims, are becoming almost diseases of the past, 
and one needs not a prophet's imagination to foresee a time when 
cholera, scarlatina, fever, phthisis perhaps, and other diseases, will be 
no more; when preventive medicine shall have reached such a degree 
of perfection that the occurrence of epidemic disease will be felt as a 
gross reproach to the community, and when there will be compara- 
tively little for the practitioner to do in the treatment of particular 
disease. It is unfortunate truly, as it is sadly unseasonable, that just 
when we see before us this fairer prospect, and when an encouraging 
beginning of progress has been made under the auspices of ]11'. Simon 
and his well-organized staff, he should have been driven from office 
and his office abolished. But one instance more of the difficulties with 
which progress has to contend from the selfish intrigues and obstruc- 
tive apathy of mankind! 
You may be disposed perhaps to smile at my outlook as fancifully 
bright, and befitting only the imaginative flights of an introductory 
lecture. From the beginning, it may be said, men have, through 
unrestrained indulgence of their passions, generated disease, and how- 
ever pure their surroundings may be ruade, they will go on doing the 
8ame thing: were a clean sweep made of aU disease from the face of 
the earth to-morrow, they would breed it afresh before to-morrow's 
morrow. No doubt; as they are constituted and trained at present, 
they would be apt to do so; but one may hope that the medic
l 
science of the future-and here I would carry your imaginations a 
little way with me-will have a great deal to say in the way of in- 
struction respecting the highest concerns of man's nature, and the 
conduct of his life; that it will enter a domain which 1ms hitherto 
been given up exclusively to the moral philosopher and the preacher. 
I don't propose or suppose that we shaH ask these gentlemen to step 
down from their platform, saying to them something of this kind: 
" You have been preaching wisdom and goodness of conduct for 
some thousands of years, and you haven't made much of it. Certainly 
one result thus far is striking enough: that men are devoting their 
eagerest energies to making the most destructive guns, and are con- 
ferring their greatest honors and applause on those who use them 
with the most destructive effects. For months, until quite lately, the 
soil of Eastern Europe was deluged with blood, shed amid nnRpeak- 
able atrocities, in an entirely needless war, which your statesmen, 
presumably the highest products of the culture of your epocI], could 
or would do nothing to check. Stand aside, then, and let us try our 
method." To speak so would be as foolish as it would be arrogant; 
but we may perhaps, WitllOut undue presumption, promise them that, 
if they will learn and use the results of our method, they will have a 
deeper and more stable foundation in the constitution of human nature 
for 
heir teaching than they have now, and will add much to the effi- 
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cacy of it by enforcing motÍ\res which will touch more keenly the 
springs of human conduct than those which they present. N ow let me 
indicate very briefly, as must needs be, the method by which medicàl 
science is to advance to take possession of this higher ground. 
Starting with the trite maxim that before we can act we must 
learn, it is obvious that, before we call teach men to act with more 
wisdOlll than they have done in the past, we must give them a better 
knowledge of their own nature and relations than they have had. 
This we propose to do by the patient Dnd stcadfast ap.plication of 
the method of observation and induction, which has served us so well 
in the subordinate branches of science, to tbe higbest phenomena of 
Juan's being-bis thoughts, feelings, and conduct. The problem is the 
same here, in fact, as in the lower sciences-to observe in order to 
foresee, and to foresee in order to modify and direct; and the method 
is the same. ..A..dmitting, as I see not how we can help doing scien- 
tifically, that a process of evolution has gone on in Nature, and that 
man, as he now is, is a product of the past carrying on this process 
in his progress to a higher purpose in the future, it is a natural con- 
clusion that he must, as a part of Nature, be studied by the samc 
method as the rest of N ature. We have to search back and find out 
how he came to be what he is by looking to the historical evolution 
of the race from its earliest known conditions, and by tracing in the 
development of the organism the operation of laws which we discover 
at work under less complex conditions in the rest of Nature. When 
we do that, we find the best reason to believe that the highest facul- 
ties of his mind, his intellect, and his moral feelings, ha\re not been 
implanted ready-made in his nature at any period of its history, but 
have been the slowly-won results of the accumulated experiences of 
the raée transmitted by hereditary action: tllat is the les!'on which 
ohservation and induction, applied to the investigation of the origin 
and development of man's higher nature, teach with an authority 
which cannot be gainsaid from any standpoint of positive knowledge. 
I could have wished, had I had time, to have shown you how some 
phenomena of mental disease, which may be looked upon in this rela- 
tion as instructive experiments of N ature mad
 for ns in a domain 
where we cannot make them for ourselves, confirm the induction 
which has been reached by observation of human development, both 
in the individual and in the race. But I must leave that unsaid, and 
restrict myself to the conclusion as regards conduct which results 
from the acknowledgment that the latest and best acquisitions of man 
have come to him by a process of ordinary development through the 
ages. For the problem of to-day is truly no longer the school men's 
much-vexed q nestion of the origin of evil, but the question of the 
origin and growth of good. Our plain duty is to find out the laws 
which have been at work in that process, and to continue it-to carry 
on, by deliberate method, with conscious purpose, the development 
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which has been going on through past ages irregularly and hlindly. 
The time, in fact, has come when mankind should awake to the mo- 
mentous reflection how great is the power which it may exert over it.s 
own destiny, and to the resolution methodically to use it. In ful- 
filling this paramount duty, upon whom will the function of inquiry 
and instruction immediately rest, but upon those who make the laws 
of vital development and function their study, and the application of 
tbe knowledge to further the well-being and development of the 01'- 
ga.nism their work? Clearly, the medical investigator need not lapse 
into despair because he has no new conquests to make. 
You will not be long in practice before you will have many occa- 
sions to take notice how little people ever think of the power which 
they have over their own destiny and over the destiny of those who 
spring from them-how amazingly reckless they show themselves in 
that respect. They have continually before their eyes the fact that 
by care and attention the most important modifications may be pro- 
duced in the constitution and character of the animals over which 
they have dominion-that by 8elective breeding an animal IDay almost 
be transformed in the course of generations; they perceive the strik- 
ing contrast between the low savage with whom they shrink almost 
from confessing kinship and the best specimens of civilized culture, 
and know well that such as he is now such were their ancestors at one 
time; they may easily, if they will, discover examples which show 
that by ill living peoples may degenerate until they revert to a de- 
graded state of barbarism, àisclosing their former greatness only in 
the magnitude of their moral ruins ;-and )Tet, seeing these things, 
they never seriously take account of them, and apply to themselves 
the lessons which lie on the surface. They behave in relation to the 
occult laws which govern human evolution very much as primeval 
Ravages bel)aved in relation to the laws of physical Nature of which 
they were entirely ignorant-are content with superstitions where 
they should strive to get understanding, and put up prayers where 
they should exert intelligent will. They act altogether as if the 
responsibility for human progress upon earth belonged entirely to 
higher powers, and not at all to themselves. lIow much keener sense 
of responsibility and stronger sentiment of duty they would have if 
they only conceived vividly the eternity of action, good or ill; if they 
realized that under the reign of law on earth sin and error are inexo- 
rably avenged, as virtue is vindicated, in its consequences; if they 
could be brought to feel heartily that they are actually determining 
by their conduct in their generation what shall be predetermined in 
the constitution of the generation after them! For assuredly the cir- 
cumstances of one generation make much of the fate of the next. 
In the department of medical practice in which my work mainly 
lies I have this amazing recklessness strongly impressed upon me; for 
it occurs to me, from time to time, to be consulted about the r;rorri- 
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ety of marriage by persons who have themselves suffered from insan- 
ity, or whose families are strongly tainted with insanity. Yon will 
not be surprisèd to hear, I dare say, that I don't think anyone who 
consults me under such circumstances ever takes my advice except 
when it happens to accord with his inclination. The anxious inquirer 
comes to get, if he can, the opinion which he wi
hes for, and, if lIe 
does not get that, he goes away sorrowful, and does just what his 
feelings prompt-that is, gets married when he has fallen in love, per- 
suading himself that Nature will somehow make an exception to ill- 
exorable law in his favor, or that Lis love is sufficient justification of 
a union in scorn of consequences. Certainly, I have never met with 
so extreme a case as I chanced to light upon in a book a short time 
ago. " I actually know a man," says the author, "who is so deeply 
interested in the doctrine of crossing that every hour of his life is 
devoted to the improvement of a race of bantam fowls and curious 
pigeons, and who yet married a mad woman, whom lIe confines in a 
garret, and by whom he has insane progeny." But I have met with 
many instances which prove how little people are disposed to look 
beyond their immediate gratification in the matter. If it were put to 
fwo persons passionately in love with one another that thc)T would 
have children, one of whom would certainly die prematurely of con- 
sumption, another become insane, and a third, perhaps, commit sui- 
cide, or end his days in workhouse or jail, I am afraid that in three 
cas(>s out of four they would not practise self-denial and prevent so 
great calamities, but self-gratification, and vaguely trust "the uni- 
versal p1an will all protect! " 
Those who pay no regard in marriage to the evils which they 
bring upon their children, or in their lives to tbe sins by 'which the 
curse of a bad inheritance is visited upon them, may plead in excuse 
or extenuation of themselves the vagueness and uncertainty of medi- 
cal knowledge of the laws of hereditary action. ",r e are unable to 
give thpm exact and positive information when they apply to us, and 
they natnrally shelter themselves under the uncertainty. vVere OUI 
knowledge exact, as we hope it will some day be, we could foretel] 
the result with positive certainty in each case, and so speak with more 
weight of authority. It is one of tbe first and most pI.essing tasks 
of medical inquiry to search and fin'd out the laws of heredity, mental 
and bodily, in health and in disease, ana, having discovered exactly 
what they are, t.o apply the knowledge purposely to the improvement 
of the race-that is, to prevent its retrogression and to promote its 
progress through the ages. I see no reason to doubt that by discov- 
ery of t!lCse laws and intelligent practical use of our discoveries we 
might in the fullness of time produce, if not a higher species of beings 
than we are, a race of beings, at any rate, as superior to us as we are 
fmperior to our primeval ancestors; the imagination cf men seems, 
indeed, in the gods which they have created for themselves, to havE: 
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given form to a forefeeling of this higher develoIJment. But I will 
not pursue this pregnant matter further now; I have toucbed upon it 
only for the purpose of illustrating the large scope of the medical 
work of the future, which is to discover those laws which have "been 
in operation through the past to make man the superior being which 
he is, and to determine his future action in intelligent conformity 
with them; not only to cure disease of body and mind, as it has 
aimed to do in the past, and to prevent disease, as its larger aim now 
is, but to carryon the development of his nature, moral, intellectual, 
and physical, to its highest reach. 
So much, then, concerning the three topics on which I have pro- 
posed to myself to discourse in this lecture-namely, the nobility of 
your direct function as healers of disease, the excellence of the method 
of medical study as a means of intellectual and moral training, and 
its fruitfulness in benefits to mankind, and the grandeur and the 
reach of its aspirations for the futpre. Let me ]lOpe that I have, in 
fulfillment of my design, said. enough to satisfy you that you have 
made a good choice of a profession for your life's work. Having 
chosen, it remains only that you should justify your choice by your 
work, so that it may be said of each of you, when his long day's task 
is over and the night has come, that he was in his right position in 
the world, and made a right good use of it. Life has its three stages 
-youth, manhood, and old age; let it be your anxious care }lOW, in 
the first stage of joy and lJOpe, so to pass the second stage of work 
and duty that the last stage may not be a long regret. 
I will ask your indulgence only for a few minutes more, while I 
detain you for one or two final reflections of what I may call an 
inhibitory character. In pursuing resolutely the course of scientific 
inquiry which I have indicated, it must needs be that offenses some- 
times occur, for we can hardly fail to come into collision with some 
of the prejudices and traditions of mankind. I do not know how it 
is possible, for instance, to prosecute the physiological investigation 
of mind to its farthest reach without shaking the foundatjons of the 
lnetaphysical notions which have been held concerning it and its 
functions; and with the fall of these notions, long cherished of man- 
kind, other notions that are bound up with them may totter to their 
fall. But, if tl.1Ìs must be, we shall do wen to acknowledge it more 
in sorrow than in anger. I...et us not rush with eager fury and exult- 
ant clamor to the work of destruction; it behooves us, as products of 
the past, who will one day ourselves constitute the past, to deal gen- 
tly and even reverently with it. We cannot break with it if we 
would, nor should we if we could. The very language which we us(' 
we owe to the slow acquisitions of geß(,->rations which Jmve preceded 
us; we cannot compassionate or contemn them except in words for 
which we are indebted to them. There is ha:rdly a word I have used 
in this lecture which, were its history searched out, does not mean 
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generations of human culture to which we are heirs. SC( illS it not, 
then, a wicked, almost a sacrilegious, thing to hasten with eager glad- 
ness to repudiate the past to which we owe everything, and to exult 
over the ruins of its beliefs? It is as if a son should rejoice over his 
father's feebleness, uncover his nakedness, and make scorn of his in- 
firmities. As he who h3s been the best son is in turn the best father, 
so the generation which guards with respect the good which there is 
in the past, and puts gently aside that which is effete, will make the 
most stable progress in its day, and transmit the best inheritance to 
the generation which follows it. No doubt in the future, as in tbe 
past, the knowledge of one period will sometimes appear foolishne!:'s 
at a more advanced period of human evolution-the truth of one age 
become the laughing-stock of the next; but we may profitably reflect 
that decaying doctrine had its use in its day, and it may teach us mod- 
_ esty to consider that much ,vhich has its place in our mental organi- 
zation now, and is serving its proper end in the development thereof, 
will one day probably be put aside as obsolete belief. Let it be 
our prayer tbat when that day comes, and this generation comes up 
for critical judgment as an historical study before the tribunal of pos- 
terity, it may be justly said of it that it has done as much for tbe 
progress of mankind as some of the generations upon which the wisest 
of us look back, perhaps, with indulgent compassion, and the unwise 
among us with foolish scorn. 
There is nothing in the attitude of modern society toward science, 
cold and suspicious as it may sometimes be, which necessitates or 
warrants an arrogant, defiant, and aggressive spirit of hostility on its 
side. No great courage is required nowadays to declare a new truth, 
110wever hostile it may be to received belief, nor is any serious suffer- 
ing entailed by the declaration; there is no need, therefore, for a s<::i- 
entific man to put on the airs of a martyr. He is a very little mar- 
tyr who is persecuted only by the pens of unfriendly critics, and 
rather a pit.iful object when he sits down by the wayside, and calls 
upon all them that pass by to behold and see how h
1rdly he is used. 
It was very different when Science first made its voice heard; w}}en, 
under the cruel persecutions of the Inquisition, Galileo unsaid with 
his tongue truths which his heart could not unsay, and. that grand 
figure in the noble army of scientific martyrs, Giordano Bruno, went 
calmly and resolutely to the stake rather than utter one word of re- 
tractation. The saddest contemplation in the world, perhaps, is that 
of the brave who, like him, have died fighting in the battle for the 
cause tbat seemed to perish with them; w bose lives of suffering and 
sore travail have set, often through cruel tortures, in black clouds of 
gloom which no ray of hope could penetrate. Theirs was not the 
laurel crown of victory after the agony of the struggle; no popular 
app1ause, no encouraging shout, greeted their ears as they sank down 
exhausted in death; tbe shouts which they heard were shouts of exe- 
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cration, anù their crown was the martyr's crown of thorns. We have, 
happily, fallen on better days; the secrets which we win from Na- 
ture we may proclaim without fear, and in the confident assurance 
that, after being proved and tried, they will be accepted; we 3]'e 
fighting a winning fight, and the stars in their courses are with us. 
\Vhat cause, then, for arrogant self-assertion, overbearing aggression, 
and willful determination to seek occasions of o:ffen
e? The advan- 
tages of our position and strength entail the reRponsibility of mod- 
eration and forbearance, for the strength is not our own-it is the 
power of the universe working in us to its higher f'nds. 
One may esteem science duly, then, without feeling sympathy with 
the aggressive delight with which some persons accentuate its hostil- 
ity to expiring doctrines, and exult in the overthrow of articles of 
faith which have sustained and solaced multitudes of men in the dark 
hours of life and in the darker hour of death. It can be no pleasure 
to a generous nature, inevitable though it be, to shatter the faith of 
even the poor Indian, who, driven from his hunting-grounds by the 
in('xorable fate of a stronger race, looks upward with feeble faith to a 
Great Spirit, and forward with dim hope to the happy hunting-grou
ds 
far away where the sun goes down. 'To 2.spire to be the first to pro- 
claim the downfall of a position of refuge to which men have clung 
with passionate earnestness for many generations seems to show" a 
pitiful am"Lition in the fool who uses it," a singular blindness to the 
essential continuity of development, a strange ignorance of what is 
the final end of all science. A scientific discovery is a very good 
thing in its way, but it is only a means to an end, after all-the im- 
provement of man's estate-that is to say, his moral and intellectual 
as well as his material state; and when he who has been happy enough 
to discover a new metal or a new star or a new cell or a new salt 
magnifies himself mightily, and fondly dreams of an immortal fame, 
one cannot help some such feeling of the ludicrous as would be raised 
by the spectacle of a hodman who, having carried his brick to the 
building in course of construction, should call upon all the world to 
take notice of the wonderful work which he had done in architecture. 
Science has yet to realize, at any rate its cultivators seem oftentimes 
to forget, that its end must be constructive; that after analysis must 
come synthesis; that all the analytical work in the world will leave 
matters in a chaotic state until the constructive spirit, moving over 
their surface, shall organize the incoherent results, and make them 
serve for a higher social development. The problem is to make 
straight in the future a highway over which mankind may }Jass to a 
higher life. The philosophcr who, with far-reaching eye, overlooks 
the relations of sciences; the poet who reveals subtilties of human 
feeling, gives lofty utterance to human sympathies with Nature, and 
infuses nobler aspirations into men; the preacher of human brotherhood 
who, inspired with strong moral feeling, proclaims the lessons of self- 
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renunciation and of duty to neighbor-these are brighter starR in the 
firmament of human genius than the scientific discoverer. The dis- 
covery of the law of' gravitation is the grandest attainment of scientific 
thought; but can we justly compare the effects of that generaliza- 
tion upon human interests and happiness with the elevating influence 
which is exerted by the poetry of Isaiah or of Shakespeare upon mul- 
titudes throughout the world; which is perhaps being felt at this very 
moment by fireside or on sick-bed in distant lands-by the solitary 
dweller on the skirts of the vast forests of Western America, in the 
great lone land of Canada, in the farthest depths of the Australian 
bush? Science Las not rendered the philosopher, the poet, and the 
moral teacher superfluous, nor will it ever supersede them; on the 
contrary, it will have need of them to attain to its own perfect work- 
ing to the bettering of man's estate; and it may well seem to some 
that the time has come when its manifold scattered and somewhat 
anarchical results should be penetrated by the synthetic insight of the 
philosopher, be embodied in forms of beauty by the poet's imagina- 
tion, and utilized by the moral teacher to guide and promote the 
progress of mankiud. So long as man sees splendor in the starry 
heavens, beauty in the aspects of Nature, grandeur and glory in self- 
sacrifice, so long will he feel that his brief conscious life is but a mo- 
mentary wavelet on the vast ocean of the unconscious; that there is 
in him the yearning of something deeper than knowledge, which 
"cometh from afar," and which the labored acquisitions of science 
will ever fail to satisfy. 


... 


ABOUT SILl\.RICS. 


S HAHI{S are usually spoken of as the most rapacious and abhorrent 
of sea-animals. That they are rapacious is undeniable, but why 
they are so is not generally considered. 'Ye will go a little into the 
matter. The shark, a fish of the family Squalidæ, when quite in his 
infant state, and only a few inches in length, exhibits a pugnacity al- 
most without parallel for 11Ïs age. lIe will attack fish two or three 
times larger than himself; or, if caught, and placed for observation 
on the deck of a vessel, he resents handling, and, with unerring pre- 
cision, strikes a finger placed on almost any part of his body. 
Two things contribute to the shark's determinate fierceness. In 
the first place, we may refer to his teeth, for of these engines of de- 
struction Nature has been to him particularly bountiful; and this 
species of bounty he has a pecu1iar pleasure.in exercising. If he 
could speak, he would probably tell us that, besides being troubled 
with his teeth, which he could not help keeping in use, he had been 
gifted with enormous abdominal viscera, and that, more particularly, 
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a third of his body is occupied by spleen and liver. The bile and 
other digestive juices which are secreted from such an immense appa- 
ratus, and poured continually into the stomach, tend to stimufate 
appetite prodigiously-and what hungry animal with good teeth was 
ever tender-hearted? In truth, a shark's appetite can never be 
appeased; for, in addition to this bilious diathesis, he is not a careful 
masticator, but, hastily bolting his food, produces thereby not only 
the moroseness of indigestion, but a whole host of parasites, which 
goad as well as irritate the intestines to tbat degree that the poor 
squalus is sometimes quite beside himself for the torment, and rushes, 
like a blind Polyphemus, through the waves in search of anything to 
cram down his maw that may al1ay such urgent distress. lIe does 
not seek to be cruel, but is cruelly famished. " It is not I," expostu- 
lates the man in the crowd, "that is pushing; it is others bel1Ìnd me." 
The poor wretch must satisfy, not only his own ravenous appetite, 
but the constant demand of these internal parasites, either with dead 
or living food; and therefore it is that, sped as from a catapu1t, he 
pounces on a quarry, and sometimes gorges himself beyond what he 
is able to contain. 
Having said thus much of the rapacious habits of the Squalidæ, 
we would have it remembered that every man's lland is against them, 
and that 110 tortures are considered too severe to inflict upon them 
when caught. If they are relentless to man and every living thing 
around them, their insatiable appetite renders them equally destruc- 
tive to their own species, and we of the white population of this 
globe ought to recollect, with some show of gratitude, tl)at they al- 
ways prefer an African to a European; for, a1though they are fond of 
men of any color, a negro is to them as the choicest venison. Com- 
merson tells us that one of the atrocious amusements practised on 
board slave-ships was to sw;;pend a dead negro from the bowsprit, in 
order to watch the efforts of the sharks. to reach him, and this they 
would sometimes effect at a height of more than twenty feet above 
the level of the sea. Wonderful are the tales that sailors tell of tbe 
various things that have been found in a shark
s stomach, and it was 
thought that any substance that would enter its mouth was at all 
times acceptable. The fonowing, which details a cruel trick, as de- 
scribed in the Glasgow Observer, dispels this illusion: "Looking 
over the bulwarks of the schooner," writes a correspondent to this 
journal, "I saw one of these watchful monsters winding lazily back- 
ward and forward like a long meteor; sometimes 
ising till his nose 
disturbed the surface, and a gushing sound like a deep breath rose 
through the breakers; at others, resting motionless on the water, as 
if listening to our voices, and thirsting for our blood. As we were 
watching the motions of this monster, Bruce (a little lively negro, 
and my cook) suggested the possibility of destroying it. This was 
briefly to heat a fire-brick in tbe stove, wrap it l:1P bastily in some o]ù 
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greasy cloths, as a sort of disguise, and then to heave it overboard. 
T
is was the work of a few minutes; and the effect was triumphant. 
The monster followed after the hissing prey. We saw it dart at the 
luick like a flash of lightning, and gorge it instanter. The shark rose 
to the surface almost immediately, and his uneasy motions soon 
betrayed the success of the manæuvre. I-lis agonies became terrible; 
the waterd appeared as if disturbed by a violent squall, and the spray 
was driven over the taffrail where we stood, while the gleaming body 
of the fish repeatedly burst through the dark waves, as if writhing 
with fierce and terrible convulsions. Sometimes we thought we heard 
a shrill, bellowing cry, as if indicative of anguish and rage, rising 
through the gurgling waters. His fury, however, was soon ex- 
hausted; in a short time the sounds broke away into distance, and 
the agitation of the sea subsided. The shark had given himse]f up 
. to the tides, as unable to struggle against tbe approach of death, and 
they were carrying his body unresistingly to the beach." 
Crouch, in his "]'ishes of the British Islands," would indirectly 
claim some apology for the habits of the shark tribe; in refcrence to 
which he asks why the lion and the eagle should occupy the elevated 
places they do in popular estimation, as the king of beasts and mon" 
arch of the air. They live by the exercise of powers similar to those 
of the sharks, and if insatiable appetites a.re to take precedence, 
sharks ought to stand in the foremost rank. 
The appearance of sharks occasionally upon our coast naturaHy 
creates a certain panic among bathers; and we may trace the break" 
age of the nets of our fishermen to their presence, among other 
causes. The six-gilled shark, or gray shark, is sometimes eleven or 
twelve feet in length, and is very destructive among the pilchards on 
the Cornish coast. The white shark is a formidable fellow; but al" 
t.hough his class occasionalIy send over to our isles deputations of one 
or two, we have, fortunatelr, not had to reCOl.a of late years such a 
visitation as that of 1785, when hundreds appeared in the British 
Channel. This individual is, perhaps, the most formidable of all the 
inhabitants of the ocean. Ruysch says that the whole body of a 
man, and even a man in armor, has been found in the body of a white 
shark. Captain IGng, in his" Survey of Australia," says he caught one 
which could have swallowed a man with tbe greatest ease. Blumen- 
bach says a whole horse has been found in it; and Captain Basil IIaIl 
reports the taking of one, in which, besides other things, he found 
the whole skin of a buffalo, which a short time before had been 
thrown overboard from his ship. The blue shark is a horrible nui" 
sa nee to the fishermen, but, fortunately, it is with us only in summer, 
when it makes itself known by hunting after the fiAh entangled in the 
nets, which it does by seizing both fish and net with its keen and ser" 
rated teeth, and swallowing fish and mesh together. As it is not 
always pleasant to have sharks following a ship, it cannot be too well 
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known that a bucket or two of bilge-water has bcen known to drive 
them oft: 
The shark tribe are remarkably retcntive of- life, and instances 
re 
related which would be almost beyond belief, if ilOt vouched for by 
numbers of witnesses. For instance, an individual"was caught with a 
line; its )iver was cut out, and the bowels left hanging from the body, 
in which Etate the sailors, as an object of abhorrence, threw it into the 
sea. But it continued near the boat; and not long afterward it pur- 
sued and attempted to devour a mackerel that had escaped from the 
net. In another instance, a shark was thrown overboard after the 
head bad been severed from the body; after which, for a couple of 
hours, the body continued to use the efforts of swimming in various 
directions-to employ the conjecture of a boy among the crew-as it 
it were looking for its head. Next, we have the thrasher, which has 
obtained the name of fox-shark, because of the shape of its tail. The 
title of thrasher, however, is most appropriate, from its habit of lash- 
ing the sea with its tail, by which it has been known to put to flight a 
herd of sportive dolphins, and even to fill the whale with terror.' The 
porbeagle is another of the shark tribe, and is a common visitor on 
the western coasts in summer. Then follows that too plcntiful and 
rapacious fish, the toper, known likewise as the white-hound, penuy- 
dog, or miller-dog. However, as it swims deep, it does not do so 
much injury to the fishermen's nets as some of its congeners. Then 
we have the smooth-hound, or ray-mouthed dog, or skate-toothed 
shark, which are presumed to come from considerable distances, from 
the kind of hooks sometimes found in them, which resemble those used 
on the coast of Spain. They feed upon crustaceous animals, but will 
take a bait. The picked-dog, spur-dog, or bone-dog, but commonly 
known as the dog-fish, is the smallest, but unquestionably the most 
numerous of the shark tribe. It frequents our coasts all the year 
round, and even in the severest weather. Then there are the spinous 
shark, and Greenland shark, which will not be driven away from feed- 
iug upon the blubber of a stranded, half-immersed whale, although 
pierced with spears, but come again to the oleaginous banquet while 
a spark of life exists. The basking-shark also, occasionally, casts up 
on our coasts. It is of a large size, is capable of breaking a six-inch 
hawser, and is only taken with considerable difficulty. Then we have 
the rashleigh shark, the broad-headed gazer, and the hammer-head or 
balance-fish, which may be said to complete the list of these occasional 
unwelcome visitors to our shores. 
And now that we have said so much that is prejudicial to the 
Squalidæ or shark commünity, let us see what we have as a sct-off in 
their favor. As a food for man, the toper is found exposed for sale 
in the markets at Rome; and in Paris, that city of gastronomy, the 
small kinds of shark, when divested of their tantalizing titles, are to 
be detected as entrées in the menu of many of tlH' most distinguished 
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families. For Rome years, the dog-fish has afforded lucrative employ- 
ment during the whole of the summer to the fishermen from the N aze 
to the Cape. It is, hOWeVel", mostly smoked, and in this way is con- 
sidered rather a delicacy. It is also dried and split as stock-fish for 
consumption in the country, as well as for export to Sweden, where it 
is greatly appreciated. It is likewise elsewhere a common article of 
food, amid the choice of a variety of other fish, especially in the west 
of England, and, indeed, is valued by some who are far above the 
necessity of classing it with their ordinary articles of subsistence. It 
is used botl1 f1'esh and salted, but, when eaten fresh, it is skinned before 
being cooked. Lacipede, who speak
 slightingly of its flesh, informs 
ns that, in the north of Europe, the eggs, which are about the size of 
a sman orange, and consist solely of a pale-colored yolk, are in high 
esteem. If prejudice could be got over, there is no doubt they would 
- forin an agreeable as well as a nourishing article of food, as a substitute 
for other eggs in our domestic economy. 
The shark-fishery is carried OIl in many parts of the Indian Ocean, 
and on the eastern coast of Africa, and recently it has been pursued 
on the coast of Norway. About I{urrachee, in India, as many as 
40,000 sharks are taken in the year. Tùe back-fins are much es- 
teemed as a food delicacy in China, from 7,000 to 10,000 of tbese being 
shipped to that empire annually from Bombay. In Norway and Ice- 
land the inhabitants make indiscriminate use of every species capt- 
ured, hanging up the carcasses for a whole year, like hams, that the 
flesh may become mellow. The liver, however, appears to be strictly 
prohibited everywhere, as a dangerous article of food. 
l\Ir. N. Brabazon, in his "Fisheries of Ireland," in allusion to the 
large shoa.ls o( sharks which pass annually along the west coast, on 
their way from the southern to the northern seas, speaks partIcularly 
of the basking shark: "These fish are worth from Æ35 to Æ50 each; 
and when so many as five hundred have been killed in one season, this 
class of fishing should be well attended to for the short season it lasts, 
if the weather is favorable to it, especially as it is at a time when other 
fish are out of season. The fishermen have a superstition that the fish 
will leave the coast if the bodies of those caught were brought to the 
shore." 1\11'. P. J.J. Simmons, in his" 'Vaste Products and Undevel- 
oped Substances," gives almost increJible statistics of the vast amount 
of fish-refuse which is eitber left to rot on the coasts and putrefy the 
air, or thrown back into the sea un utilized, both on our own and on 
foreign shores; and he significantly points to its value as a manure 
not far inferior to guano, of which this country alone requires 200,000 
tons a year, and pays upward of Æ22,000,000. Would it not, there- 
fore, be wise for enterprise and capital to begin to turn more at- 
tention to the manufacture of fish-guano, of which the débris of the 
North American fisheries, and those of the North Sea, would furnish 
ample material ?- Oltambe.rs'-s Journal. 
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I F we investigatc the condition of the ground upon which we now 
find the ruined settlements of a former people on this coast., it can- 
nut fail to convince us either that all such stations had been established 
Oil sandy ground, or that the grouncl had bcen artificially changed by 
sand carried thither when it was rocky or hard. Sandy soil was a 
necessity, that they might employ their rude and imperfect tools in 
the erection of houses p3rtially dug i
 the ground and surrounded by 
embankments. It was also a requirement for cleanliness and health, 
owing to its absorption of moi!:;ture in the rainy season. Overgrown 
or firm sauùy grounù wa.s preferable to bare, loose sand; but even the 
drifting dunes offered them a hetter choice than the dark humus in- 
termixed with rock. Other requirements of a well-located ranchena 
were = proximity of potable water, a commanding view, the outlyíng 
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rocks bearing eatable mollusks, fish in the adjoining kelpy waters, 
and game in the neighboring country. 'Vater in small rÍ\'ulets and 
springs was preferable to larger streams :tud rivers, unless these were' 
stocked with fish. A commanding view was subordinate to the con- 
dition of the soil and the proximity of water, espC'cially on the islands 
in S'anta Barbara Channel, where no Aurprising enemy was to be 
guarded against; there a small boat-landing was one of the main con- 
siderations, because the islander's sustenance was mainly derived from 
VOL. x.-23 
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fishing, hunting on the water, and barter with the dwellers on the 
mainland. To gather shell-fish the aborigines often went long dis- 
tances, whieh called into existence temporary camps wherein we 
hardly find anything but layers of shells and some burned beach- 
rocks, indicating former fireplaces, scattered in small clusters over 
their surface. The mollusks, after their shells had been removed, 
were dried in such temporary cam!)s for easier transportation to dis- 
tant villages. 
But Let us examine one of the sites of such aboriginal villages, 
commonly termed" shell-heaps" or "shell-mounds,H bleached shells 
being by far the larger and more conspicuous part of their remains. 
I will select one of the many Rtations wl1Ïch I have investigated for 
the Smithsonian Institution during recent years. Its location is near 
a narrow inlet, called Tinker's Cove, on the island of Santa Cruz, one 
of the gronp in the Santa Barbara Channel (see Fig. I}. It possesses 
alf the requirements of an aboriginal settlement, only the game-ground 
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FIG. 2. 


is wanting, as no animals save a smaIl gray fox, and seyeraI species 
of land-birds, exist on the islands. The ground upon which the station 
is locatf'd is of a rocky, irregular structure, mostly bare and destitute 
of vegetation; a co\.e, affording an exceIlent boat-landing, adjoins to 
the westward of it; outlying rocks, of which 1mt few appear in the 
sketch, are covered with edible shell-fish; a mass of kelp and sea- 
weed grows in the adjoining waters, and is thi
kly stocked with fish; 
a spring of potable water is found in the deepest part of the cove. 
Saud is found only at a distance of hetween four and five hundred 
yards to the eastward, in a small hidden beach of the narrow fiord 
of Tinker's Cove, which is of very difficult access by land, as the sides 
of the inlet form walls of over one hundred feet in height, and in 
larger quantities farther away to the westward of the station. It is, 
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therefore, evident that the layer of sand covering its rockJT ground is 
artificial, and placed there by the aborigines, not a natural deposit 
accumulated by drifts, etc. The mound begin8 at the brink of the 
bluff, some thirty feet above high-water mark, and extends back over 
a flat of a little more than one hundred yards, toward the ascending 
hill, diminishing gradually in height, and ceasing entirely before the 
rocky outcroppings are reached, whence the gl'olmd rises rapidly into 
a ridge, forming a spur of the backbone of tbe island (see Fig. 2)., In- 
vestigation revealed the artificial formation to conf.ist of & layer of 
shells, most of which are still found among the living species on the 
island, bones of fish, sea-fowl, seal, and sea-lions, and whales, dogs and 
foxes, and a great mass of coLble-stones of aU sizes, e
pecial1y of the 
size of a fist as used for fireplaces, a.nc1 chippings of different varieties 
of chert, chalcedony, jasper, quartz, etc.-rocks suitable for the manu- 
facture of knives, arrow-heads, spear-points, and other cutting tools, 
which do not occur in situ on the island and had to he imported. The 
whole is mixed with a large quantity of sand, reaching to a depth of 
ahout five feet at it.s deepest part, where formerly the d wellillgs stood. 
Underneath the layer of animal remains, the kjükken müddings-kitch- 
en-middens or cooking déb
'i8-of a former people, pure sand is met 
in which we find but fe\v valves of an edible shell-fish, or beach-rocks 
showing mal'ks of fire, or such marks as are made by human hands, and 
\Vere probably introduced while the dwelling-mound was raised pre- 
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paratory to the erection of the hut. TIJe s::md-which was either car- 
l'ied there overland, or in canoes from some neighboring sand-bank- 
attains a depth of about three to four feet, and is deepe8t around the 
circular depressions of the house-sites, indicating the embanl
ments 
which had been raised around the huts. The section, Fig. 3, repre- 
sents a site of a former d welling as now found, and its original depth, 
as indi{'atecl by broken lines, may occasionally be traced by still re- 
maining upright boards of the former subterranean inclosure. After 
the erection of the d weIlings, the accumulation of the kjökken möd- 
dings began to spread aU over the town-site, but was kept imbedded 
in sancl by fresh supplies, thus raising the level of the village gradu- 
ally, and increasing the dppth of the subterranean part of the hut 
until the latter was deserted, or built over with a new structure. 
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Near the houses, where ill all probability the cooking débris had 
first been deposited, it is now and then found in heaps almost desti- 
tute of sand; but, no doubt, after a large quantity had thus been ac- 
cumulated, it was sprJad over the ground of the town, evened, and 
smoothed by layers of sand. The proportion of sand mixed with the 
cooking débris is about one-half the weight of the whole mass. The 
size of a towl1-sit2 varies fro
n about 100 metres in lenO'th and width 
. ð , 
like the one illustrated in the figure, to 1,200 metres, or three-quarters 
of a mile., in length, and from 100 to 300 metres in width, the extent 
of Os-hi, a rancher'ta in Santa Barbara County, about five miles south 
of Point Sal, whi.ch is the largest shell-mound derived from permanent 
habitation thus far explored on this coast. 
The same features of an aboriginal settlement we ohserve in Ore- 
gon, 1,000 miles to the north. If we take, for instance, the ruined 
settlement of the CAetl-e-sAin, situated on the commanding elevation of 
the north bank, and near the mouth of Pistol River: in front the 
wiele ocean expands, with a number of large outlying rocks; Pistol 
!-ti\7er washes the hase of the bluff upon which the station is situated; 
its w.1ters ar3 stocked with trout, and, in certain seasons, ahundantly 
with s:llmon; to the left, or eastward, a mountain-brook empties into 
the river at the foot of the rallcAerta, and a spring issues between the 
upper 3.!lÙ lower town-sites; back of the coast the country extends in 
a graùual rise toward a steep and heavily-timbered ridge, beyond 
which it becomes almost impenetrahle, owing to thick forests and 
their undergrowth, and vines, the safe home of elk and bear. The 
rocky gl.ounù upon which the town was located is covered with a 
deposit of sanù, of which the neighhoring beach offcrs an abundance, 
anù kj0kken m"jd.Jings of great age in its lower layel.s, with that 
peculiar mouldy, ash-like appearance, sprinkled with particles of de- 
cayed shells, so characteristic of an aboriginal settlement. 
It is evident that such a ground, needing artificial foundation for 
the establishment of a town, was not suitablé either for a burying- 
ground site; we Ulust, therefore, look for the graves of these peopJe 
within the artificial mounds. There is an exception to this when the 
gronn<<l is naturally sandy, or soft; then we must look for the graves 
within an easy distance, say about 150 metres, in some prominent 
place and in sight of the ranchería. The graves consist of a pit vary- 
ing bt'tween two and fifteen metres square, and not ovel' two metres 
in depth, partitioned into smaller spaces by whales' bones and slabs 
of stone, or by wood. On the isbnds the gigantic bones of the whale 
are almost exclusively used; while, on the neigh boring mainland,. 
li
nestone, which splits board-like into slabs, and also whales' bOneR,. 
and pine and red-wood, are used. Graves of this description have 
been found in California south of San Francisco, while in Oregon. the 
mode of burial is different, the interment being either made in de- 
tached graves, or in houses previously demolished by :fire. 
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SI{ETOII OF SIR 'V1LLL.
M TIIO!ISOY. 


T IllS distinguished physieist 3n<1 mathematician was born in Bel. 
fast, in June, 1824. Ilis father, Dr. James Thomson, was a 
man of large capacity and culture, who studied in the GIa!'go\V Uni- 
versity, became head-master of the Belfast Academical Iu
titutioJl: 
and in 1832 was appointed Professor of :l\lathernatics in the UuiYer
ity 
of Glasgow. He made various improvements in mathematic
, and 
wrote books upon education. ""illiam passed through the Glasgow 
University early, and then entered St. Peter's College, Cambridge, 
from which he graduated as second wrangler in 1845, am1 he was im- 
mediately elected Fellow of his college. lIe afterward went to Paris, 
and worked in the laboratory of Hegnau1t. In 1846, at the early age 
of twenty-two, he was appointed Professor of Natural Philosophy in 
the University of Glasgow, a position which IJe has filled with dis- 
tinction, and still occupieR. 
Sir \Vil1iam Thomson's ear1iest contributions to physical science 
were on the subject of heat, the laws of its motions being treated 
mathematically. .....
 remarkable paper on "The U niforlll l\lotion of 
Ileat in Homogeneous Solid Bodies," written at the age of :-:eventeen, 
was full of original conceptionR, but it was afterward found that Thom- 
son had been anticipated in his ideas by Gauss, Chasles, and George 
Green, of Nottingham. In 1842 he published an important p
per on 
" The Lineal' 1\Iotion of Heat," whicb contained a method of deriving 
geological dates from underground temperatures, a subject which he 
treated in his inaugural address, in entering upon hi
 profe
sorship 
at the univer5Ïty. 
It will be impossible here to give any account of the numerous 
contributions to science made by Sir "''''illiam Thomson, as they were 
generally of so mathematical a cast as to be uninteHigible to orrlinary 
readers. I-lis papers on " Electro-Statics" and on " :l\1agnetism " ,vere 
collected and published in 1872, in a valuable volume of six hundred 
pages. The more inter
sting aspects of his work have been well de- 
scribed by a writer in Natu'l'e, and we cannot do better than to quote 
some passages from his notice: 
"His electrostatic researches led Thomson to the invention of very beautiful 
instruments for electrostatic measurement. The subject of electrostatic meas- 
urement occupied much of his attention from the very earliest., when lie was 
obliged to call attention to the defects of the electrometers of Snow Harris. 
IIi3 labors in this direction have produced the quadrant electrometer, which is 
employed for all kinds of electric testing in telegraph construction, and for the 
registration of atmosplleric electricity at Kew Observatory; the portaLle elec- 
trometer, for atmospheric electricity and for other purposes, in which the 
extreme sensitiveness of the quadrant-electrometer is not required; and tbe abso- 
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lute electrometer, which serves for reducing the scale-readings of other instru. 
ments to absolute measure, and which was used by Thomson in his measurement 
of the electrostatic force producible by a Daniell's battery and in many other 
investigations. Those who have seen the collection of electrometers in the Loan 
Collection at South Kensington will not think it too much to say that to Sir W. 
Thomson is due our present system of practical electrometry. 
" But while thus engaged in investigations in electrostatics and magnetism, 
there were many other branches of science that were receiving from him 
advancement in a not less remarkable way. There is no part of his- work of 
higher importance than his investigations on the Dynamical Theory of Heat. 
These were communicated in a series of papers to the Hoyal Society of Edin- 
burgh, the first of which was given in 1849. It was a critical account of Car- 
not's memoir of 1824, 'Héfiexions sur 130 Puissance Motrice du Feu.' Though 
Humford and Davy had, in the beginning of this century, experimentally dis- 
proved the material theory of heat, their experiments and arguments were un- 
heeded and nearly unknown; and it was only after 1843, when Joule actually 
determined the dynamical equivalent of heat, that the great truth that heat is a 
mode of motion was admitted and appreciated. Thus Carnot, although dissatis- 
fied with it, was obliged to adopt the material theory of heat in 1824; and, re- 
garding heat as indestructible, spoke of the letting down of the heat from a 
higher to a lower temperature, and looked on the production 
f work by the 
heat-engine as a phenomenon analogous to that in which water, descending from 
ß higher to a lower level, does work by means of a water-wheel. Thomson, 
among the first to appreciate the importance of Joule's results, 
t himself to 
alter the theory given by Carnot into agreement with the true tbeo1')'; and in 
the series of papers referred to, placed the whole science of thermodynamics 
on a thoroughly scientific basis. In 1846 he first suggested the reckoning of 
temperature on an absolute thermodynamic scale independent of the properties 
of any particular substance. Subsequently, in consequence of experimental in- 
vestigations of the thermodynamic properties of air, and other gases, made in 
conjunction with Joule, he showed how to define a thermodynamic seale of tt'm- 
perature having the convenient property that air-thermometers and other gas- 
thermometers agree with it as cJosely as they agree with one another. This 
system of reckoning temperature gives great facility for the sñnple expression 
of thermodynamic principles and results. 
"Having here mentioned Joule and Thomson together, we cannot omit to 
remark that some of the most admirable researches in thermodynamics were 
those undertaken in conjunction by these two attached friends. 
"Among the many important results of Sir 'V. Thomson's investigations in 
thermodynamics, olle of the most remarkable was llÍs discovery of the principle 
of dissipation of energy, announced by bim in 1852. During any transforma- 
tion of energy of one form into energy of another form there is always a certain 
amount of energy rendered unavailable for further nseful application. K o known 
process in Nature is exactly reversible, that is to say, there is no known process 
by which we can .
onvert a given amount of energy of one fonn into energ)' of 
another form, and tþen, reversing the process 7 rooonvert the energy of the- sec- 
ond form thus obtained into the o1'iginal quantity of energy of t
1e first fol'Ill. 
In fact, during fi.ny transformation of energy from one form into another, there 
is always a certain portion of the energy changed into heat in the proreS8 of 
conversion; find the heat thus produced becomes dissipated and diffused by ra- 
diation and conduction. 
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"Consequently, there is a tendency in Nature for all the energy in the uni- 
verse, of whatever kind it be, gradually to assume the form o-f heat, and, having 
done so, to become equally diffused. N ow, were aU the energy of the universe 
converted into uniformly-diffused heat, it would cease to be available for pro- 
ducing mechanical effect, since for that purpose we must have a hot source and 
a cooler condenser. This gradual degradation of energy is perpetually going on; 
and sooner or later, unless there be some restorative power, of which we at 
present lUlve no knowledge whatever, the present state of things must come to 
an end. 
"In 1854 Faraday, with an experimental cable, investigated the cause of the 
retm'dation of signals first observed in the working of the cable between Ilar- 
wich and the Hague. Thomson, taking up the question, published an investiga- 
tion of the nature of the phenomenon, one practical result of which was that 
with cables similar in lateral dimensions the retardations are proportional to 
the squares of the lengths. This law is now commonly referred to as the' law of 
squares.' About this time it was proposed to construct a cable to connect Eng- 
land with America; and it became obvious that the discovery of the retardation 
of signals raised a question whether the transatlantic cable would not prove ß 
commercial failure. 'Wllitehouse, experimenting with 1,125 miles of cable, 
found the transmission of an instantaneous signal to the farther end of the 
cable to occupy one second and a half. The length of a cable l'equired to con- 
nect Ireland with Newfoundland is twice that of the experimental cable of 
WhitellOuse; and thus, according to the law of squares, the time taken to trans- 
mit an instantaneous signal through a cable similar in lateral dimensions to 
that of Whitehouse, and joining those two places, would be no less than six sec- 
onds. In 1856 Whitehouse rèad a paper before the British Association, in which 
he described experiments by which he hoped to disprove the law of squares. 
Thomson replied in the Atltenæum (November 1, 1856); and subsequent experi- 
ments have established the correctness of his law. 
"Fortunately a true understanding of the nature of the phenomenon of re- 
tardation led Prof. Tllomson to the method of oVéréoming the difficulties pre- 
sented. The disturbance produced at the extremity of a long submarine cable 
by the application for an instant of electromotive force at the other end is not, 
as in the case of a signal through an overhead land-line, a pulse, practically in- 
finitely short, and raceived only a minute fraction of a second after it was com- 
municated. Instead of this, a long wave is observed at the farther extremity, 
gradually swelling in intensity, and as gradually dying away. Its duration for 
such a cable as we have been speaking of would be the wl1.ole six seconds, cal- 
culated from the experiments of \Vbitehouse. Prof. Thomson perceived that an 
instrument was required which should give an indication of a signal received 
long before the wave has acquirecl its maximum intensity, and in which the sub- 
sequent rising to maximum intensity should not render unreadaùle a fresh signal 
sent quickly after the previous one. This was effected by his 'mirror galva- 
nometer ;' and it was by means of it that the messages transmitted through the 
1858 Atlantic cable were read. 
"The 1858 cable, submerged under difficulties that many times threatened to 
be Ï!lsurmountable, soon failed. Several important messages were, bow ever, 
transmitted through it; and it served to prove the feasibility of the project 
which m
ny eminent engineers up till that time regarded as chimerical. Before 
another attempt was made the labors of Prof. Thomson and others, to all of 
whom the world owes a deep debt of gratitude, had so improved the construc- 
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tion of the cables and the mechanical arrangements for submersion, tIlat though 
many difficu1ties presented themselves they were aU, in 1866, triumphantly 
overcome. It was on his return from the submersion of the 1866 cable, 
and the raising and the completion of the 1865 cable, that the honor of knight- 
hood was conferred on him along with others of his distinguished fellow- 
workers. 
"Recently Sir William Thomson bas invented a new and very beautiful 
instrument, the 'siphon recorder,' for recording signals on long submarine 
lines. It is in use at all the telegraph-stations along the submarine line con- 
necting England with India. It is also used on the French Atlantic Cable, 
and on the direct United States line. Sir 'V. Thomson, Mr. Varley, and 
Prof. Jenkin, combining their inventions together, have given the only system 
by which submarine telegraphy on long lines has been carried on up to the 
present time. 
"Sir .William Thomson is an enthusiastic yachtsman and a skillful navigator. 
His recently-published popular lecture on ' Navigation' proves this; and, with 
that bright genius which enriches all with which it comes in contact, his im- 
provements in navigation are of very high importance. The general adoption 
of Sumner's method, now made simple for the navigator, would be a reform 
in navigation almost amounting to a revolution, and is one most highly to be 
desired. Sir William Thomson has also inv
nted a new form of mariner"s com- 
pass of exquisite construction. It possesses many advantages over the best of 
those in general use, not excluding the Standard Admiralty Compass; but its 
special feature is that it permits of the practical application of Sir George Airy's 
method of correcting compasses for the permanent and temporary n13gnetism 
of iron ships. lIe has also invented an apparatus for deep-sea sounding by 
piano-forte wire. This apparatus is so simple and easiJy managed that he has 
brought up 'bottom' from a depth of nearly three nautical miles, sounding from 
his own yacht, without aid of steam or any of the ordinary requisites for such 
depths. His method was much employed in taking rapid soundings during the 
laying of telegraph-cables along the Brazilian coast to the 'Vest Indies. It has 
also been used with great success on the United States Submarine Survey. Re- 
cently, while on his way to Philadelphia, Sir 'V. Thomson himself was ab]e to 
take flying soundings, reaching the bottom in si:1Cty-eight fathoms, from a 
Cunard Line steamship going at full speed. 
"Sir 1ViUiam Thomson is a Fellow of the Royal Society of London and of 
the Royal Society of Edinburgh. He has received the Royal Medal of the 
former and the Keith Medal of tl
e latter. He is a]80 an honorary member of 
several foreign societies. The Universities of Dublin, of Cambridge, and of 
Edinburgh, have each conferred upon him the honorary degree of J..L. D., and 
that of Oxford the honorary degree of D. C. L. On his marriage in 1832 he gave 
up his fellowship at St. Peter's College, Cambridge; but i
 1871 his college 
again elected him to a fellowship, which he now holds." 



OORRESPO..YI)ENOE. 


3 61 


CORRESPONDENCE. 


IXSECTS AND FLOWERS IN COLORADO. 


To thð Editor of tÀe Popular> &iern:e JIonthly. 
I N my paper on "The Fertilization of 
.Flowers by Insect Agency" (" Proceed- 
ings of the American Association for the 
Advancement of Science," 1875, pp. 244, 
245), I say: " On my first visit to the Rocky 
Mountain region, the absence of insects 
proved very annoying to the entomologists 
who accompanied me. Indeed, the paucity 
of animal life of all kinds in the Rocky 

Iountains is well known; but there is no 
more scarcity of seed in the colored flower- 
ing plants than in similar Ones elsewhere." 
At the conclusion of my address, Prof. Riley 
objected to the accuracy of this statement- 
not from his own personal experience, as I 
believe, and from oyerlooking, as I sup- 
posed, that I was refC'rring to insects relat- 
ing to the cross-fertilization of flowers- 
chiefly Hymenoptera and Lrpidoptera. Mr. 
Charles R. Dodge, editor of Field and For- 
est, was one of the entomologists I referred 
to. In vol. i., No. 12, page 89, he describes 
that expedition in the summer of 1871: 
" The route carried us through Golden City 
and Idaho Springs to South Park, thence to 
Pike's Peak and the Garden of the Gods, 
where we emerged from the mountains and 
returned to Denver over the level plateau 
known as the' Divid.e ;' and, from the time 
we passed the foot-hills near Golden City, 
and entered the first cañon in the moun- 
tains, we were struck with the comparative 
paucity of the insect fauna. . . . In the 
mountains, the marked absence of insect- 
life in variety, except in favorable locali- 
ties, was the rnle, and not the exception," 
Trave1ing was not so easy then as now, and 
I think it took us nearly three" eeks. The 
party comprised thirty persons, aU of whom 
were interested in aiding the collectors. 

h. Dodge sums up his remarks by espe- 
cially noting that" the entire mountain-trip 
yielded so small a number of nocturnal 
Lepidoptera that they are hardly worth 
mentioning." He adds, " I have conversed 
with a few other entomolog-ists on this sub- 
ject, and they agree with me perfectly." 


Now, if we turn to Hayden's" Report 
of the Smvey of Colorado," for 1873, we 
find Lieutenant Carpenter substantially re- 
cording the same thing. Here are the doings 
of a whole season, and not for three weeks 
merely, and only five species of butterflies 
are found; and, indeed, he remarks that 
"Lepidoptera are undoubtedly peculiar to 
high latitudes and great elevations." This 
leaves us with scarcely anything but bees 
to do the whole work of flower-fertilization 
in the Rocky Mountain region. But even 
these seem to be confined to some consider- 
able elevation. In un expedition in 1873 I 
saw Bombus termariu8 in abundance, but on 
no other flowers than Pol!lfJonum bistor/a, 
on Gray's Peak, on the flats near the tim- 
ber-line. I was struck by the fact that 
they seemed to visit only this species, evi- 
denlIy getting an they required from it, and 
neglecticg everything else. I did not see 
bees anywhere in our expedition of 1871 in 
lower altitudes, nor. do I think there were 
any in 1873, except in this high region near 
the timber-line. Of course, there might 
have been, but, if so, they were so scarce 
as to attract little attention. This seems to 
have been the experience of Lieutenant Car- 
penter. He says, "The humble-bee was 
always to be seen in midsummer at the 
verge of the Alpine flora, busily engaged in 
collecting its store of pollen from the few 
flowers to be found." This does not cer- 
tainly say they might not be found lower 
down, but it is a fair inference. My collec- 
tions in this district embraced over seven 
hundred species of flowering plants and 
ferns. I can say that amûng the
e were 
quite as large a proportion of colored flow- 
ers as in an equal number gathered East, 
where in
ects are conceded to be numer- 
ous. 
But just here Prof. Gray steps in with 
the follo\\ing note: "À propos to Mr. Mee- 
han's suggestion that, although the .Alpine 
plants of the Colorado Rocky MOUlJtains 
are mostly high colored, insects are there 
so rare that they ran be of no material aid 
to fertilization, anù therefore tbese plants 
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must self-fertilize, it may not be amiss to 
introduce testimony. An entomologist now 
at my side, who has passed four SUDlmers 
among these mountains, and made frequent 
visits to the Alpine regions, informs me 
that 'he has always found insects of all 
orders quite abundant in the Rocky 
Mountains' " (Silliman's Journal, 1876, pp. 
397, 398). The route which I have de- 
scribed can hal"dly be called the U Alpine" 
region, unless it be in so far as it relates to 
Pike's Peak, which, however, I did not join 
my companions in ascending, having chosen 
in preference to explore alone what was 
then an unknown cañon, and which I named 
after my good friend Dr. Engelmann, whose 
name it still bears. There is nothing in 
my paper, as referred to by Prof. Asa Gray, 
to warrant the statement that I was confin- 
ing myself to U Alpine" regions. Indeed, 
the U suggestion," so far as it relates to the 
paucity of insects, should refer to the U en- 
tomologists who accompanied me," and not 
to myself. All I claim is that the U ento- 
mologists" found no insects, while I found 
colored flowers seeding abundantly. 
In view of the testimony of the ento- 
mologist at Dr. Asa Gray's side, that insects 
of all orders are quite abundant in the 
Rocky Mountains, I should be glad to have, 
through THE POPULAR SCIENCE l\IONTHLY, a 
list of the Hymenoptera and Lepidoptera 
that are abunda,nt enough, in the par
icular 
part of the Rocky Mountain region covered 
by my experience, to probably act as cross- 
fertilizers of flowers, noting those which 
may perhaps be introduced since 18'11, as 
it is wen known that, with the introduction 
of agriculture and horticulture, insects often 
follow. 
I do not suppose that, in the large num- 
ber of observations I have placed on rec- 
ord, thel'e will 110t be now and then one 
found U imperfect." :Not one of us who 
are working in this field but, with all our 
care, must expect such annoyances. As 
the relation of insects to plants in the 
flora of Colorado is an important one, and 
I never heard the view I have taken of it 
questioned except as now stated, I think it 
important to science to know exactly how 
far my statement is imperfect, if imperfect 
at aU. THOMAS MEIWAN. 


GXIDIANTOWN, PA., No-rember 27,1876. 


THOMAS CARLYLE AND THE DARWINS. 
To tlte EdUor of the Popular &ienCð Jlonthly. 
THERE are floating in the American 
press some ill.natured remal.ks of the oc- 
togenarian, Carlyle, that merit a little atten- 
tion. The remarks reported are as follows: 
U I have known three generations of the 
Darwins-grandfather, father, and son: 
atheists all. . . . I saw the naturalist not 
many months ago j I told him that 1 had 
read his 'Origin of Species' and other 
books; that he had by no means satisfied 
me that men were descended fl'om monkeys, 
but had gone far toward persuading me 
that he and his so-called scientific brethren 
had brought the present generation of Eng- 
lishmen very near to monkeys. A good sort 
of a man is this Darwin, and wcn-meaning, 
but with very little intellect." 
REMARK 1. If a U very little intellect tJ 
can change the present generation of Eng- 
lishmen to monkeys, what are those Eng- 
lishmen made of? 
REMARK 2. Carlyle has known the three 
generations of the Dar" ins, beginning with 
the grandfather. Erasmus Darwin, the 
grandfather, died in 1802, about six or seven 
years after Carlyle was born! Is it exact- 
ly the rigbt thing for the old gentle:nan to 
Eay he knew him? 
REMARK 3. U They aTe atheists all." K ow, 
two y
arB before Mr. Carlyle was born, to 
wit, 1794, the grandfather, Erasmus Darwin, 
published the great work of his life, "The 
Zoönomia, or La ws of Organic Life," and on 
the first page he says: U The great Creator 
of aU things has infinitely diversified the 
works of his hands, but has, at the same 
time, stamped a certain similitude on the 
features of Kature, that demonstrates to us 
that tlLe wlwle is one family of one parent." 
And, on page 77, he S1YS expres8ly: U I do 
not wish to di8pute about words, and am 
ready to allow . . . and to believe that the 
ultimate cause of all motion is bn:caterial, 
that is, God." Mr. Carlyle I1lay be a well- 
meaning man, but bis knowledge of that 
grandfather, althuugh at the ripe age of 
six years, must have been rather imperfect. 
But the charge of atheism includes the 
naturalist, Ch3.rles Darwin. The candid 
readers of Charles Darwin's works know 
better. Many people, on reading the books 
of Genesis aud Job, grow skeptical; but no 
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one who reads the marvelous revelations 
of the works of God \\ hich this learned 
naturalist has published can for a moment 
doubt the existcnce of the divine wi::3dom 
which pcrvadl's the realms of Nature. 
R. M. K. ORMSBY. 
CHESTER HILL, N. Y., 
TO'Vember 21,1876. 


To tlte Editor of tlLe Popular &ienCð :AIontltly. 
DEAR SIR: In a letter addressed to JOu, 
and published in your columns, Îrom the 
pen of Thomas Meehau, Esq., in which he 
is "getting right on the recorù," I am dis- 
turbed by the following expression in refer- 
ence to my Buffalo address: "Prof. Morse 
coulù only help me with the audience by 
remarking, ' ". e all know that Mr. Meehan 
is a Dal'Winian, and an evolutionist, but 
must say he has an odd way of putting it.' 
That my good ft.iend does not regard me as 
much of either is, however, clear, from his 
making no reference to any of my labors in 
his ' History of Evolution.' n 
The reader of this might think that I had 
eithcr overlooked the interesting contribu- 
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tions of Mr. Meehan in the" Proceedings n 
of the Philadelphia Acaqemy, and his own 
journal, or else had done him a manifest 
injustice. That I am not guilty, either of 
oversight or injustice in this matter, the 
folJowing Jines from my Buflhlo address will 
prove: " A review of the work accomplished 
by American students, bearing upon the 
doctrine of descent, must of necessity be 
brief. Even a review of a moiety of the 
work is beyond the limits of an address of 
this nature. .And for obvious reasons I 
must need.s here restrict it to one branch of 
biology, namely, zoöloml." The obvious rea- 
son is that I am not a botanist, therefore no 
reference is made to the works of Dr. Gray, 
Mr. Meehan, Prof. Beal, anù others, wlio 
have made valuable contributions to the 
suhject. In the 80litary case where I al- 
luded to the fertiHzation of yucca, it was 
to show the curious moth Pronuba, so ad- 
mirably described by Prof. Riley, as an in- 
s
ct showing peculiar adaptations for the 
work in hand. Em\' ARD 
. MORSE. 


BALDI, MASSACHUSETTS, NO'Vember 4. 1816. 
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PBILANTIlROPIO FANATICISM ÄGAINST the press in a good work. Appealing 
SCIENCE. to the sensibilities by exaggerated ac- 
R EFERENCE has been repeatedly counts of the way poor animals were 
made in our pages to an English tortured, the subject natural]y took ß 
Parliamentary Commission, appointed deep hold of the sympathies of women, 
to inquire into the practice of vivisec- and its measures were promoted and 
tion, or experiments upon living ani- sustained by many ladies úf wealth and 
mals, made for scientific purposes by high social position, and were under- 
the physiologists of that country. The stood to be warm]y encouraged by the 
inquiry was the consequence of a pro- queen herself. But the humane feelings 
longed and intense pubHc agitation, in of both sexes were profound]y stirred 
which the sympathies of the people by the tales of atrocity that were cir- 
were excited, and their indignation culated, so that the scientific physiol- 
aroused, by frightful stories of cruelty ogists of the country began to be looked 
deliberately and wantonly perpetrated upon as fiends, reveling in the infliction 
upon innocent animals under the pre- I of agony upon helpless animals. The 
text of advancing scientific lnowledge. stories, of course, were unscrupulous 
The movement was systematically and exaggerations, or arrant lies, but the 
skiUfully engineered by those who make public is a great believer and fond of 
philanthropy a business. Money was pungent sensations, while fervid phi- 
plentifuUy contributed by the rich to lanthropy is not apt to troub]e itself 
carry it on, and with plenty of money much about cool matters of evidence. 
there is Lever any difficulty in engngin&: The Parliamentary Commission, con- 
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stituted of both the enemies and the 
friends of vivisection, at length took tIle 
matter up, and, as is customary with 
English commissions, it made a thorough 
investigation. Witnesses on both sides 
gave voluminous testimony on all as- 
pects of the subject, and after patient 
and impartial consideration the body 
made a report which was designed to 
be preliminary to legislation upon the 
question. As regards the merits of the 
controversy, it was agreed that viviRec
 
tion, or operations upon living animals, 
is a necessary and a proper thing, and, 
as practised by scientific men, has been 
_ of great use to the world. The com- 
mission, moreover, entirely acquitted 
the physiologists of the charge of cru- 
elty. It commended the humanity of 
the medical profession in England, and 
testified that medical students were ex- 
tremely sensitive in regard to the inflic- 
tion of pain on animals. 
One would think that with this de- 
cisive expression on the general subject, 
and with this complete vindication of 
the aspersed parties, the agitators would 
have been rebuked, and the case at 
once dismissed. But the anti-vivisec- 
tion movement was quite too formida- 
ble to allow of this. That hysterical 
rampage of British philanthropy was 
strong enough to coerce the Govern- 
m('nt against its own protestations, and 
to extort from it a law that was alike 
an insult to science and a disgrace to 
the country. The physiologists were 
expressly acquitted of all improper prac- 
tices when left free as they had always 
been to pursue inquiries in their own 
way, and they were then handed over to 
the future control of the police. They 
were vindicated from all imputation of 
cruelty, and then subjected to the opera- 
tion of a statute against cruelty to ani- 
mals. Though their experiments had 
for their object the ultimate mitigation 
of pain to the higher creatures most 
susceptible of pain-though their inves- 
tigations were of so beneficent an influ- 
ence that, as Prof. Tyndall justly says, 


"no greater calamity could befall the 
human race than the stoppage of experi- 
ments in this direction "-yet the physi- 
ologists were classed by law with those 
cold-blooded brutes who cruelly over- 
drive, abuse, and torture domestic ani- 
mals. Though the necessity, and form, 
and extent of his experiments on ani- 
mals were, in the nature of the case, 
matters of which the operator alone 
could judge, as their essential object is 
the elucidation of undetermined prob- 
lems, yet it was legislated that he should 
not pursue his work except by a license 
from a political office-holder, and the 
making of any experiment calculate(l to 
give pain to an animal was declared an 
offense punishable in the first instance 
by fine, and in the second by fine and 
imprisonment, unless certain conùitions 
were complied with to the satisfaction 
of the said political functionary who 
was put in control of the whole business. 
In short, legislative wisdom, stimulated 
by philanthropic zeal, outlawed vivi- 
section as a crime, and then provided for 
its perpetration by leave of the Secre- 
tary of State. 
Let us now see bow much there 
was of real philanthropy or of hearty 
sympathy for the sufferings of the low- 
er animals at the bottom of this move- 
ment. Had it been sincere, or based 
upon principle, it would have undoubt- 
edly aimed to be effectual, and to have 
inflicted the penalties for cruelty alike 
upon all delinquents. But the law was 
so framed as to bear hard only upon 
the poor, and to give a virtual license 
to the rich, who could easily pay the 
fines prescribed for inflicting whatever 
cruelties they chose. Again, the law 
passed was intended, by the terms of 
its title, to prevent "cruelty to ani- 
mals;" but a clause was quietly intro- 
duced at the end limiting it to the pro- 
tection of domestic animals only - a 
clause which stultified the enactment, 
and showed the emptiness of its pur- 
pose by exposing immensely the great- 
er portion of the inferior animate cre- 
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ation to all the wantonness of torture; 
and not only that, but to tortures that 
were sure to be inflicted, and were pro- 
vided for by the limitations of the stat- 
ute. Of the sutl
rings to which cer- 
tain of the lower animals are subjected 
by the favorite English pastime of hunt- 
ing them wi th hounds, w 11ich is free- 
ly permitted by law, we do not 
peak, 
but will only refer to some facts regard- 
ing the universal English sport of 
" shooting." It is well known that the 
British Parliament generally adjourns 
about the time that the partridges and 
grouse cease to be protected by the 
game-laws of the country; and no one 
who knows anything of the strength 
of British instincts for destructive field- 
sports will consider the connection, in 
this case, as altogether fortuitous. 
Lords, Commoners, and everybody that 
can afford it, then seize their guns, and 
betake themselves to the fields and 
mountains wherever there is anything 
to be kiHed. It is the fashionable and 
the national thing. Those who own 
grounùs range over them with their 
guests in quest of beasts and birds, and 
others hire the privilege of doing it for 
longer or shorter times. The whole 
matter is legally regulated. Licenses 
are issued to keep guns, and licenses to 
kill game. A few of all the multitudes 
who enter upon the sport are good 
shots, and kill a large portion of the 
creatures fired at. But the most of 
them are bad shots, and wound many 
more than they kill. When hit, if not 
captured, they escape with their bodies 
penetrated with leaden pellets-some 
of them to die; some to suffer miser- 
ably; anù others to recover after expe- 
riencing various degrees of pain. A 
writer in Nature has gone into the sta- 
tistics of shooting, with a view to esti- 
mate the probable numbers of creat- 
ures that thus suffer by wounding. He 
adopts as his basis the number of those 
who take out licenses, the duration of 
the season, and the days given to sport, 
and, by reckoning the number wounded 
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per day that are not killed, he arrives 
at a proximate conclusion regarding the 
aggregate of animals that yearly suffer 
from this cause. TIle numb
r of li- 
censes iSl!lued is taken frolll government 
reports, which indicate, for example, 
that in the year 1873-'74 there were 
132,036 holders of gun-lic
nses, and 
65,846 holders of licenses to kill game. 
Assuming that.each sportsman wounds 
three head of game per day, which are 
not taken, he finds that the -total num- 
ber of animals upon which pain is thus 
inflicted amounts to many millions an- 
nual1y. We cannot go into the details 
of his calculation, which is carefully 
and fairly made out, but will quote the 
concluding passage of his article: 


" If we may trust our :figures, bere are 
the plain facts that acute pain of uncertain 
duration was, in the year ending March 31, 
] &.4, inflicted upon OV(fl' twenty-t.wo million 
animals, find in the following year upon 
O1Jer tu'enty-tkree million and a half, in tbe 
British Islands. Weare not aware tbat we 
possess any bias that would make us exag- 
gerate our estimates to produce these results. 
Our only object is to attempt as near an ap- 
proximation to the truth as we can. The 
figures stand for themselves, and if anyone 
thinks he can furnish fairer averages let him 
give his data for them. We are, as it is, 
willing to guard against any unconscious 
exnggeration, and to knock off more than 
ten per cent. of our grand totals, so as to 
say roundly that only twenty millions havo 
suffered in each year. But we would invito 
our readers to retlect on the proportion wbich 
even that number bears to the number of 
animals which during the same time have 
been subjected to experiment by the physi 
ologist'J of this country. The latter have 
been by mnny excellent persons held up to 
obloquy as monsters of cruelty. If this 
has been done justly, what must they think 
of those wbo use the 
un 1" 


From the point of vicw }lCre pre- 
sented, the state of the case has been 
pithily summed up by :Mr. Lowe, in a 
recent able article in the Contemporary 
Review: 


" According to present Britislllaw, as re- 
vised under the spur of the latest philan. 
thropy, it appears that, while the man of 
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science must not inflict the least pain on any 
animal for the most beneficent object, any 
one else may inflict the most exquisite tor- 
tures on an)' non-domestio animal-that is, 
on ninety-nine hundredths of the brute crea- 
tion-without any punishment at all. If he 
can show that the torture was inflicted from 
cruelty, from gluttony, for mone)', for amuse- 
ment-for nny motive, in fact, except a de- 
sire to do good by extending knowledge-he 
enjoys the most perfect impunity; but woe 
to him if ill his infliction of pain there is 
any alloy of science 1" 


An attempt was made to protect 
animals from pain against the sports- 
man as well as the man of science, by 
putting both upon the same footing as 
regards penalties, but it failed. Mr. 
Lowe says: 
" A motion to extend the law which for- 
bade the cruelly abusing or torturing any 
domestic animal, to animals non-domestic, 
and to increase the penalty to a level with 
the penalty imposed for performing a pain- 
ful experiment, was lost by a large majority, 
the Government voting against it. . . . The 
efforts, therefore, ot' the two Houses ûf Par- 
liament to intl"Oduce humanity into uur laws, 
as regards animals, stands thus: 
"1. Absolute liberty to torture all non- 
domestic animals except b)' way of scientific 
experiment. 
" 2. Prnctical liberty for anyone who can 
afford to pay five pounds to torture domestic 
animals except by way of scientific experi- 
ment. 
"3. No punishment for painful experi- 
ment except òy leave of the Secretary of 
State." 


Now, politicians are not partial to 
science, but tbe British Government 
would never have committed itself to 
such ridiculous legislation except for tbe 
pressure of a fanatical agitation which 
grew out of no real sympathy with tbe 
Bufferings of the lower animals. Had 
it been so, the crusade would bave been 
directed against sportsmen for their ex- 
tensive and selfish infliction of cruelty, 
rather than against the physiologists 
for the small amount of pain wbich 
they caused, and that, too, in the 
unselfish and ben('ficent pursuit of 
knowledge which is designed to miti- 
gate human suffering and save human 


life. The agitation was incited by fic- 
titious borrors, and was worked up and 
sustained in a business way by prac- 
tised manipulators of popular passion 
and prejudice. It was directed against 
a certain class of scientific men, and bad 
its chief root in those narrow preju- 
dices against science which tbe press 
and the pulpit have recently done so 
much to nourish and sustain. There 
has been an especial dread of biological 
science, because it meddles with the 
mysteries of life, and aims to explain 
tbings wbich ignorance and supersti- 
tion would rather not have explained. 
Experiments upon animals are looked 
upon with abhorrence, not solely be- 
cause of the creatures' suffering, but 
also because the knowledge thus de- 
duced and applied to man is beld to be 
derogatory and degrading to his nobler 
nature. The anti-vivisection move- 
ment, in short, was very much a result 
of that feeling of jealousy and bostility 
toward science wbich is by no means 
confined to the ignorant classes, and 
which it was not difficult to inflame into 
the fanatical intensity of an aggressive 
and intolerant popular movement. 


POLITICAL ECO.i.YOMY IN TUE UNITED 
STATES. 
TnE hundredth anniversary of Adam 
Smith's" 'Yealth of Nations" has been 
the occasion in England of a pretty 
careful review of the science wbich be 
founded-its methods, its province, its 
achievements, and its prospect of fu- 
ture usefulness-with the result, not of 
reaching definite conclusions, but of 
revealing very wide differences of opin- 
ion as to wbat political economy really 
is. Tbe general tone of the discussion 
is decidedly doleful; dissatisfaction with 
the present and doubt as to the future 
being the only points upon which tbere 
is unanimity. Politicians and newspa- 
pers alike declare that the centennial 
marks the decline and not the con- 
summation of the "dismal science;" 
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t11at the points of the present contro- 
versies are not of the same importance 
as those of earlier days; that there re- 
mains not much to be done in the way 
of direct legislation; in short, that its 
great work is done. 
In a sense this may be said to be 
true. The repeal of usury and corn 
laws, and the establishment of free 
trade, was a great work; and in many 
minds this practical application of prin- 
ciples stood for the science. Being ac- 
complished, it forms so essential a part 
of the commercial policy of the country, 
and has become so rooted in the minds 
of the present generation, that the value 
of the benefits derived is not duly ap- 
preciated, nor the importance of ex- 
tending this work to other countries 
sufficiently recognized. 
Economical reform in England has 
reached that critical period, which 
comes in the l1istory of aU reforms, 
when effort has been crowned with 
success. Its old rallying - cries have 
lost their p
tency because the ideas 
which they represented have become 
universally-accepted axioms; the evils 
which it labored to correct no longer 
exist; its champions find their old weap- 
ons useless, and no new ones are, IlS 
yet, fitted to their hands. 
N aturally, tbis chaotic condition 
has begotten dissension and revolt, 
even among those who are by no means 
willing to admit that the functions of 
the science have become unimportant; 
the ranks of the fnitljful have fallen 
into disorder; rival sects have arisen, 
and the vaJidity of time-honored ten- 
ets is discussed with earnestness if not 
with heat. The orthodox school still 
holds in the main to the old creed; 
while the dissenters, styling themselves 
the Ui5>torical School-a name the fit- 
ness whereof their opponents decline 
to allow-denounce this creed as being 
based upon rude 
eneraIizations, ob- 
tained by a superficial and unpbilosoph- 
ical process of abstraction. 
We shall not, at this time, attempt 
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any discussion of these questions. We 
have faith in political economy fiS a 
science, and a perfect assurance that, 
whatever subdivision or specialization 
it may undergo, its vitality will remain 
unimpaired. 'Ve could, therefore, look 
upon the present contention with equa- 
nimity were it not for the reflectioq 
that, here in America, we are still 
disputing over those economical prin- 
ciples which in England are irrevocably 
settled. 
However true the statements that the 
science has outlived its usefulness may 
be with regard to tI1at nation, they have 
no application to the condition of the 
United States. TIere its most funda- 
D?-ental propositions are matters for 
discussion and legislation, and the prob- 
lems involved imperatively demand so- 
lution. We who, this year, are cele- 
brating the hundredth anniversary, not 
of a book, but of the nation's birth, 
have still to decide whether the prog- 
ress over which we are prone, rightly 
enough, to indulge in agood deal of self- 
glorification, has been helped or hin- 
dered by the policy of protection which 
bas ruled hitherto; whether, had an 
opposite course been pursued, our in- 
ternal resources might not have been 
quite as fully developed, and at the same 
time our external commerce nave re- 
ceived a commensurate impetus instead 
of being at its present low ebb. This, 
and the condition of our curreney, are 
very real questions with 11S; the way 
in which they are answered may make 
all the difference between continued 
progress and comparative immobility; 
and yet, while the country is in a fer- 
ment from shore to shore over the most 
inconsequential of elections, these im- 
portant matters lie apparently dead in 
the public mind. 
The profound stagnation of the 
commercial world has brought us near- 
ly to a stand. Old combinations are 
disturbed and broken up. In the 1ull 
some of the hallncinations of specula- 
tive fever are disappearing, but the 
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state of our :finances is notoriously un_ 
satisfactory, and that which Mr. Lowe 
is pleased to call the" great work" of 
politicul economy, the establishment of 
free-trade principles, with us remains 
undone. Is it not time seriously to 
consider what can be done to make the 
readjustment of the social elements a 
favorable one for us-one more ade- 
quate to the exigencies of the time 
 
Prolonged immunity from wars, the 
sway of sound commercial doctrines, 
the absence of the element of uncer- 
tainty in her finances, has enabled Eng- 
land to absorb a great part of the ex- 
change business of the world. Conti- 
nental disturbances made her oppor- 
tunity, and she was ready to improve 
it. London is a vast. clearing - house, 
while tbe United States do not act as 
middle-man between any two nations. 
It is almost universally admitted that 
tbere can be no peaceful settlement of 
the Eastern question which can be last- 
ing. Sooner or later it mu
t be sub- 
mitted to the arbitrament of war, and 
when that comes England cannot stand 
aloof. Engaged in such a struggle, she 
can no longer offer so secure a refuge 
as formerly to capital seeking a place 
of safety and stability. She must re- 
linquish, in part at least, this function, 
and there is nothing mercenary in the 
suggestion tlIat that would be our op- 
portunity. But, however favorable for 
our aggrandizement foreign complica- 
tions might become, they would now 
find us unprepared to take our rigl1tful 
place in the world's commerce-unable 
to arrest the hour. Economical reform 
is an essential preliminary to success 
in such an endeavor. Our distance 
from Old-World centres :finds compensa- 
tion in our freedom from European en- 
tanglements; but the obstacles present- 
ed by a cumbrous and oppressive tariff, 
and a depreciated, fluctuating currency 
-compared with which three thousand 
miles of ocean are as nothing-would 
be simply insurmountable. And wbat 
is the prospect of their removal.
 


The answer which must be given is 
not satisfactory. 
There is reason to believe that the 
vagaries of inflationists are giving place 
to sounder financial views. There is 
warrant for the hope that the friendg 
of free trade are increasing in numbers, 
and that its principles are slowly gain- 
ing ground, but no demonstration of 
this by legislation has yet appeared- 
nor are there any signs of it. Neither 
set of politicians seems to consider 
them worthy of consideration. Mean- 
time the forces of protection are in 
close order, well appointed and alert- 
they will make a stout fight, and that 
there should, at this critical period, be 
a disaffection anywhere in the ranks of 
sound political economy, must be re- 
garded as a matter of the gravest con- 
cern. 


PROFESSOR J,fARTIN ON SCIKYTIFIO 
ED UOATION. 
LADY BURDETT COUTTS, who, having 
much money to give away, patronizes 
numerous charities and receives great 
applause, has come to be a kind of au- 
thority in the sphere of philanthropy, 
duty, ethics, etc. Hearing much said 
against science, on account of the ex- 
perimental study of animals, sbe sought 
Prof. Tyndall, to inform him that sci- 
ence was growing immoral, because it 
did not formerly do such dreadful tbings 
as it is in the habit of doing now. Prof. 
Tyndall replied that it was rather grow- 
ing biological, or passing into a new 
sphere to explore the laws of life, to 
which experimental investigations on 
organisms in Z.'ife are indispensable. 
This comparatively new subject, bi- 
ology, which, after three centuries of 
preparation in physics and chemistry, 
l1as only been fully reached by the sci- 
entific mind of the world during the 
last fifty years, is now beginning to be 
recognized in its full import in onr sys- 
tem of l1Ïgller education. Biological 
chairs have been founded, and labora. 
tories and schools of biological research 
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bm"e been established in connection 
with various of the old European uni- 
versities; and although we, in this coun- 
try, have had chn.in;, anù schools, and 
museums of natural history, connected 
with our colleges, or apart from them, 
yet the provision made for biological 
stuùy in the organization of the J olms 
Hopkins University at Baltimore marks 
a decisive step forward in the educa- 
tional treatment of this important sub- 
j ect. 
\Ye give our reader's the able inau- 
g'ural address of Prof. Martin in enter- 
ing upon his work at Baltimore, and 
they "vill be repaid b:y a careful perusal 
of it. The statE-ment of principles, pur- 
poses, and plans, is excellent; and if 
they are carried out intelligently and 
perseveringly, as there is no rcason to 
doubt they will be: tl
e results cannot 
. fail to be in a lligh de
ree ad vantageous. 
The prop08cd mode of combining origi- 
nal work with practical t8aching is fnn 
of promise. Prof. 
fartin dispels the 
erroneous and injurious notion, too cur- 
rent, that orip:inal work means great 
discover.ies. lle points out how stu- 
dents of but ordiIlLlry capacity may yet 
do something to extend the boundaries 
of knowledge, while at the same time 
the important ends will be secured of 
mastering the true methods of inquiry, 
of making solid acquisitions, and of 
being able to teach from an actual un- 
derstanding of the subject. "'hat he 
says of tIle influence of scientific study, 
w hen conducted by proper methods, 
and in its genuine spirit, in cultivating 
the love of strict truth, and the mental 
Iwbit of seeking it as the snpreme thing, 
dcserns the most serious attention. 
How to include a thorough discipline 
in truth-seeking, in our sY8tems of edu- 
cation, is the problem of problems yet 
to be solved. Noone who fjocs to 
cllUrch, or drops into the court-room, 
or yisits our halls of legislation, or rcadg 
the newspapers, can fail to see tl)at, 
with aU their learning and volubility. 
our cultivated men are still ver
- much 
VOL. x.-24 
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in Pilate's state of mind in regard to 
truth. It may not be possible for all 
educated people to get the benefits of 
biological training as a part of culture, 
but the rnoBt salutary results will ('orne 
from making scientific training an inte- 
gral and established part of higher edu- 
cation. 'When thorough scientific cult- 
ure once gets a fair foothold in our 
colleges and universW.es, so that its re- 
sults can be compared with tne purely 
literary training that now prevails, its 
influence will soon be felt, and we may 
safely leave the rival. methods to the 
operation of natural selection. Mean- 
time, our teachers will do well to con- 
sider carefully Prof. Martin's sugges- 
tions, and set tlJemselves to the inqui- 
ry, bow far it may be in their power to 
make application of them, in modified 
ways, in their own sphere of activity.. 


PROFESSOR IIcrLEY ON THE HORSE. 
"E publish this month the third 
lecture of Prof. TIuxley, as corrected 
by himself for THE PoprLAR SCIE:KCE 
MOXTllL Y, and accurately illustrated 
under the supervision of Prof. .Marsh, 
of New Haven. The lecture deals 
mainly with the genealogy of t11e horse 
as traced fnr back into geological an- 
tiquity, by the discovery of successive 
fossil forms in succe
sive strata or de- 
posits. These forms are so closely re- 
lated, and exhibit so graduated a series 
of modifications, as to establis}) the 
fact of a genetic and derivative relation 
from the luwest to the highest. The 
fossil terms of this series were already 
so far made out in Europe as to satif'fy 
paleontolob,;sts there tll:lt the pedigree 
of the horse is establislled; but, by re- 
cent discoveries on tMs continent, the 
ancestral chain has been traced still 
farther back, so as greatly to strengthen 
the conclusion reached by foreign in- 
vestigators. To the three ancestrul 
forms found in Europe. wlJich go back 
to what the geologists call the .lJ1 iocene, 
Prof. 
rarsh had added two otlters, car- 
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rying the line back to the Eocene for- not be proved, but this conception is 
mations, and connecting the pL.esent not essential to th
 theory, and is held 
EtluUS or horse-tribe with an early Eo- by many as nothing more than a COll- 
cene animal known as tbe O/.Ohi PP U8. , venient assumption or hypotbetical ar- 
In his Jecture Prof. Huxley traced the tifice to aid the imagination in picturing 
relationship of these six ancestral forms wave-actions. The essence of the the- 
of the existing horse, and based his argu- ory, whether the medium assumed be 
lllent fur the demonstrative evidence of ethereal or material, is that light origi- 
evolution on the continuity and extent nates in some kind of undulatory mo- 
of the series. But he went further, and tion, anù a rational optical scicn(;e is 
stated what the characteristics of a still now only possible on this view. In the 
earlier form woulù be if it were ever sense in which Huxley uses the term 
discovered; and, within a month from demonstration, as "the coincidence of 
his departure from the country, Prof. observed facts with theoretical require- 
:Marsh announces that fossils of the ments," it is an established demonstra- 
predicted animal have been actually tion, and evolution stands exactly on 
found in the lowest Tertiary deposits the same ground. The facts are what 
of the 'Vest, giving the Eohippus as the the theory requires them to be, and 
seventh term of paleontological ances- w hat it predicts them tu be; it explains 
try of the Equine group. them by the operations of real causes, 
We pointed out last month that and offers the only explanation we can 
proof is a thing of degrees, and that have without going outside of Nature 
demonstration may be cumulative; and to get it. 
the very case we were considering now Prof. Huxley has done us great ser- 
furnishes further illustration of it. vice by going over the question of evi- 
Prof. Huxley says that the ductrine of dence in his three lectures, and bring- 
evolutiun and the Cupernican theory ing out the full force of the proof for 
of the motions of the heavenly bodies this doctrine, and to make any less 
have precisely the same basis, that is, claim than be has made is to be want- 
"the coincidence of 
bserved facts ing in fidelity to the truth. 
with theoretical requirements;" and I .And from this point of view we 
that "an inductive hypothesis is said must think that Prof. :Martin, in his 
to be demonstrated w"ben the facts are admirable intL.oductory discourse, àid 
shown to be in entire accordance with not fairly represent the case in giving 
it." But the dcmonstmtion becomes the scientific status of the principles of 
still stronger when the requirements of the conservation of energy and of natll- 
theory lead to the prediction of what ral selection. He said: ,. These ideas 
must follow from it, and Ktlture sub- m(lY or may not be true; increase of 
sequently furnishes the facts that vin- knowledge may confirm or may 1)08- 
dicate the prophecy. It is one of the sibly upset them." So sharp an a1ter- 
highest tests of the truth of a theory, native as true or false, determinable 
that it leads to new discoveries, as was on1y in a contingency of the future, 
conspicuously the case with the wave- certainly docs injustice to the logical 
theory of liglJt. A scientific professor validity of these gL.eat ideas. They can 
is reportetl to have said that the proof no more be subverted or abandoned in 
of the e\yolution theory is far less strong the future than any other truths of ex- 
than that of the undulatory theory, perimcnt and observation. They "may 
while nobody regards that as demon- disappear by absorption into larger 
strated. On the contrary, it is so re- trutHs, may change aspect8, but they 
garded, and with abundant reason. The are basal and permanent factors of sci- 
objective existence of the ether may J ence, and we see not why the professors. 
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of J>hJ'sics and mathematics might not 
open their Courses by conceding the in- 
sccm.ity of the fundamental principles 
of their sciences with just as much 
propriety as the profes
or of biology. 


COJnrERCIAL M.A.VI.l.S. 
TIECEST writers upon the subject 
of commercial manias usually indulge 
in congrutuJations over the fact that 
the world is grown more wise; that 
the mental aberrations of our d:\yare 
less Illarked than those of earlier times; 
. that, for example, the absurd Dutch 
tulip-mallia, Law's wild .Mississippi 
scheme in France, and the South-Sea 
bubble ill Ellglall<J, find no parallel in 
these days of greater intelligence anù 
self-control; that the time lws gone by 
wh
n a sharper could cle:1r $10,000 in 
five hours by selling shares in " a com- 
pany for carr.ring on an undertaking of 
great adv
mtage, but nobody to know 
what it is I" 
It is probably tfue that om. tenden- 
cies are not quite so rabid as those of 
our fathers, but we bold on bravely to 
some of their worst follies. It was only 
at the last session of Congress that the 
advocates of an unlimited issue of irre- 
deemable paper were strong enough to 
prevent any steps being taken toward 
resumption. It was but the other day 
that the progressive Commonwealth of 
MassaclJUsetts chose as a representntÏ\-e 
B. F. Butler, who declares that tIle 
"progressive " dollar is a paper dollar 
so issued that it can never be redeemed. 
The ahsorbing interest of a presidential 
election has hushed somewhat the clam- 
or fOt the interconnrtible note scheme 
-which is to pay all debts, public and 
private, and make everybody ea
y with- 
out costing anybody anJ-tLing-but, had 
aU those who still fully sympathize with 
the financial imbecility of )fl'. Peter 
Cooper voted for him, the old p'entle- 
man would La\"0 bad a very different 
showing in the officiSlI count. K or are 
there lacking coneI' Ac E'xamples of cl"e- 
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dulity which rival any of the cxhiùitions 
of former generations. A case in Iloint 
is now running its course in Spain. 
A woman Las opened a bank in 
Madrid for deposits in sums of a h nn- 
dred doHars and upward, on wlJich she 
pays intercst as follows: twenty per 
cent. on receiving the deposit, twenty 
per cent. fit the end of the first, sec. 
ODÙ, and third months, and then at tLe 
expiration of the fourth montL, wLen 
eighty per cent. llßS been already paid, 
she reimbur
es the entire sum It:nt. 
The payments thus far have been regu- 
larly illude, and the public are Bocking 
in crowds with their money, the depo::,- 
its now amounting to several millions 
of francs. The bankers and savin
s- 
banks are being drained of their de- 
posits by this extraordinary truffle. 
Hours before the bank opens in the 
morning hundreds of depositors col. 
lect, and the presence of the police is 
necessary to preserve order. In this 
case "nobody is to know" how the 
money is employed, and on that point 
contrary rumors prevail; some assert 
that the capital is used in working 
mines of fabulous wealth; otllers, that 
the woman is an agent of the Govern- 
ment, adding that it is thus procuring 
money on more advantageous terms 
than with its regular bankers I The 
true explanation will not be long with- 
held, unless the police interfere to pre- 
vent her running off with lIeI' plunder. 
This is almost a precise repetition of a 
case which took place in enligl1tened 
Germany four years flgo-the Spitze. 
del' affair of Munich. In this case 
enormous sums were confided to a 
woman banker, who Iind in opulence, 
squandering the money of lIef deposit- 
ors, and, as she could not repay them, 

he WI1:-; sentenced to tlJree :years' im- 
prisonment. lIeI' time expired some 
months ago, anù tllC liJ\:ene5s of the 
transactions at Madriù to her opera- 
tions at Munich is strong enough to 
sugp-est a common origin. 
These cases appear 
till more re- 
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markable when "We l
can the fact that 
in Continental Europe the confidence 
in banks of deposit has never attained 
the strength that it has in this coun- 
try and in England. Outside of strictly 
commercial circles and people of large 
means the practice of depositing money 
with a banker is c
mparatively un. 
known. Small dealers, mechanics, and 
farmers, still adhere, in the main, to 
the old custom of hoarding, in feather- 
beds or underground, that has descend- 
ed from the troublous days of the mid- 
dle ages. That men sbould go from 
the extreme of unfounded distrust of 
stable and well-managed institutions 
into the incredible folly of pouring 
their money Jike water into the tills of 
a barefaced swindler, "Would seem to 
show that the sprin
s of human action 
have not been raised very much; that 
a love of great gains, 11 desire to get 
more than our money's worth, a credu- 
lous faith in tbe performance of impos- 
sible promises are still deeply rooted, 
and need but the stimulus of sorn
 new 
and untried humbug to develop an 
amazing number of credulous fools. 


LITERARY NOTICES. 


KNIGHT'S A
IERICAN :MECHANIC.\L DICl'IOX- 
AllY. A De!':cription of Tools, lusb.u- 
ments, Machines, Processes, and Engi- 
neerill
; History of Inventions; Gener- 
al Technological Vocabulary; and Di- 
gest of .Mechanical Apptiances in Seience 
and the 
\.rts. By EDWARD H. K:oGHT, 
Civil and Mechanical Engineer. 3 vols. 
Pp. 2S:n; 7395 ('ut::. New York: Hurd 
&, Houghton. Price (cloth), $8 per vol. 
THIS comprehen
ive and valuable work 
belong" in the rank of the cyclopædias, al- 
though its author has seen fit to choose for 
it the less ambitious title of a dictionary. 
It is qualified as mechanical, and answers 
to this description, but mechanics goes deep 
and sweep
 wide in the field of Nature and 
art. Indeed, philosophers are split into fac- 
tions over the question how far mechan. 
ics actually extends in the economy of the 
world, @ome maintainin
 that e,'en cerebral 
aetion in proces3es of thought is resolvable 
into mechanical clcmf'nts and conditions. 


But, wit!lOut going so far as this, it is indis- 
putable that lU{'chanical ('hallges are exten
 
sively and profoundly involved in the ongo- 
ings of the material universe. It is n vul- 
gar notion that the tcrm mechanics is re- 
stricted to cog-work and Lelting, wheels, 
levers, and pulley:;, and a glance at 
Ir. 
Knight's voluminous exposition of the pres- 
ent state of knowledge on nlechanical sub- 
jects will quickly dispel the narrow notions 
that may have hitherto prevailed regarding 
it. .As stated in his prospectus, U the work 
deals with the mechanical side of every sub. 
ject that can be known or mentioned, and, 
as almost everything in the unÌ\.erse has a 
mechanical side, the work becomes cncyclo- 
 
pcdical. " 

rr. Knight seems to be a man cut out 
for such an enterprise. He began it twenty- 
five years ago, and as the volumes, in their 
vast and accurate detail, abundantly show, 
he must have had an enthusiasm for the 
work that kept him at it with 11ntiring pa- 
tience and perseverance j Lut as mere indus- 
try, although a prime factor in the result, 
must have been insufficient unle,,:s acting in 
the most favorable circumstances, he went 
to the headquarters of opportunity in this 
country, the Patent-Office at "
a:;hington. 
He was here" engaged in the editing the 
Patent-Office Report " and classifying pat- 
ents; and subsequently editing the O.tfi
 
cial Gazette and systematizing for examina- 
tion the twenty thousand app1ic'ltions for 
patents which are yearly presE'nted at the 
office. Sitting at the very centre and focug 
of the mechanical thought of the countr
', 
he had both the stimulus and the facilitie3 
for earryin
 out his long-cherished purpose, 
and the" Dictionary n 110 doubt owes its ex- 
haust.ive completene
s to the free command 
of facilities afforded by his position. 
"'.. e know of nothing that more impres- 
sively illustrates both the great advance of 
knowledge in this sphere of science and 
art, and the great acth-ity with which it is 
at present culti\"'ated in all civilized coun- 
tries, than a critieal glance at the pages of 
this elaborate work. _\nd its statements 
are so presented as to bring out this view 
most impressively. )Ir. Kni
ht has intro- 
duced a subsidiary feature of "
peeial in- 
dexes," which is not only very llseful to 
those who cf)n
ult his wor.k, but shows in a 
striking way the e
tent to whieh inventive 
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construction has been c1rricd in special 
lines of inquiry. For example, undel' the 
terUl " metrc," we h:we a li:òt of 218 instru- 
ments or m
chines for measurement, the 
d
scription of each being found under its 
proper alphabetical heading. "These spe- 
cific indexes allòrd the reader an excE:llent 
opportunity for investigating thoroughly 
all that pcrtains directly or indirectly to 
any special subject, by using the index 
under the title of that subject as a sort of 
head-centre, and following out its various 
bl.anches through all their ramifications." 
The work includes about 20,000 titles, 
and gives an exhaustive vocabulary of the 
technical terms that e.re employed in vari- 
ous trades and manufactures, and many of 
which are 1I0t to be found in the current 
large dictionaries. The work is, in fact, 
little less than a mechanical library, sum- 
marizing an endless multitude of book!'!, and 
Lringing up its accurate information to the 
Pl.esent time. Of people who read and think 
at all, it i:; bard to think of any class that 
will not find it serviceaLle. 


A COURSE OF ELE}IE
TARY PRACTICA.L PHYS- 
IOLOGY. 13y 
r. .FOSTER, M. D., }'. R. S., 
}'cllow of, and Prælector in, rhysiology 
in Trinity College, Cambridge. Assist- 
ed Ly J. N. LA!\GLEY, B. A., St. John's 
CoIl('
e, Cambrid
e. Macmillan & Co. 
Pp. 
44. Price, $t.OO. 
As the sciences come to be more and 
more studied, directly and practically, there 
ari::;es the necessity for books of special 
guidance in laboratory-work. In chemistry, 
treatises upon manipulation are as old as 
the science, and in recent years various 
works have been published, instructing the 
f'tudent in physical manipulations. The 
8a'lle necessity is now beginning to be felt 
in phY!5iological study, and Prof. Foster's 
little hand-book now appears to supply this 
want for English-speaking students. The 
book has gro\\ n out of Dr. Foster's prac- 
tice as a teacher. "
hen in University 
CoUege, London, 11e was in the habit of dis- 
tributing among his students a syllaLus to 

uide them in their work. This became 
extended, Ly the introduction of details, into 
a Pl.aetical course, which is now published 
for general use wherever physiology is pur- 
su('d, experimeutally, Or by the oLscrvation 
Bnd verification of its facts. 
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Dr. Foster recognizes that tbe intro- 
duction of the micro!5cope has given a direc- 
tion to manipulative activity that is not al- 
togetber favorable to Ll'oad physiological 
study. Tbe importance of bi!5tology is not 
questioned, Lut the tendency has been to 
pursue it separately, and to a certain extent 
to accept it as a substitute for physiological 
work on a large scale. Dr. }'oster thinks 
that microscopical inve!5tigation can only 
be best pursued in combination w
th a full 
scheme of physiological work. lIe says: 
" Histological work, unless it be salted \\ ith 
the salt, either of physiological or of mor- 
phological ideas, is apt to degenerate into a 
learned tl'ifling of the very wor:5t descrip- 
tion; and students are generally only too 
ready to spend far too mueh of their time 
in the fascinating drudgery of cutting sec- 
tions and mounting stained specimens." 
And again: "The student who has mounted 
an exquisitely and beautifully stained sec- 
tion is only just so much tbe ,,"orse for 'bis 
pains (as far as physiology is concerned) if 
he does not understand "" hat the section 
means. Hence, when the features of some 
of the fundamental tissues and the general 
working of the more important mechanisms 
haY'e been really learned, and the student 
has got, by doing things for himsllf, to 
know the value of a physiological experi- 
ment, and the pitfalls that are hidden under 
carmine and Canada halsam, he may be 
safely trusted to fill in the details of. his 
study by means of reference to mounted 
specimens and to mere demonstrations, or 
even to descriptions of experiments." 
Though the work is elementary, and is 
designcd to be introductory to the author's 
" Hand-book for the Phy:oiologieal Labora- 
tory," it is, nevertheless, comprelwnsiY'e, find 
covers the ground that 8hould be pas!':ed 
over practical1y by every well-educated med- 
ical man. 'Vhen our meùieal institutions 
pl"ovide better for this form of study, we can 
trust ourselves more safely in the hands of 
their graduates. 


THE RnIGIO
 OF EY'OLGTIOX. Ry M. .T. 

A v .AGE, Author of "Christianity the 
Science of )[anhood." Boston: Lock- 
wood, Brooks & Co. Pp. 253. P1'Ïec, 
$1.50. 
THE multiplication of works on the re- 
ligious bearings of Evolution, against it and 
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for it, attests the strong intcrest that is taken 
in this aspect of the doctrine, and, as interest 
is cver the first condition of active inquiry, 
this deep concern aùont the re1igious im- 
port of the theory is of great advantage, no 
matter what the basis may be. Probaùly 
nine-tcnths of the oppo::ition to the doc- 
trine is theolo
dcal in its inspiration and its 
form, there being no end to the hooks which 
bave bf'en issued during the last dozen years 
to prove that it is anti-religious and athe- 
istic. n'ut the di"cussion has already led 
to a reaction, or to a modification of ex- 
treme views; that is, it is admitted,lðvcn by 
tho
e who rank themselves as opponents of 
the ùoctrine, that it is not necessaril!J either 
_ athei:,tic or irreligious. TIut thesc assaults 
upon Evolution h:n'e, moreover, caUed out 
defenses of it on the p.lrt of the religious, 
which have not only Leen u
eful in concen- 
trating attention upon thc subject, but have 
been very valuable ill their liberalizing in- 
fluence, and the light they have thrown 
upon the problem of religion itself. 
To those who care for the religious as- 
pects of the que:,tion, whetber as involving 
the religious sentiments to which the doc- 
trine is claimed to be favoraùle, or the influ- 
ence it is exerting upon theological belief, 
the present work may be decisi,oely COlll- 
menùed. Its author is a liberal t'"nitarian 
clergyman, who took up the subject in a 

erics of 
unday diseour
es, which were sub- 
sequently rcvised for publication in their 
present form. IIis treatment of the subject, 
which is entirely in its theological relations, 
is able and independent, and is presented 
in a clear, spirited, and eminently readable 
style. lIe aims to !Show that Evolution is 
not destructive of the religious sentiment; 
that it favors the most exalted conception 
of God; that it brings X ature into harmony 
with elevated religious feeling, and must be 
of great service to humanity in sweeping 
away many super
titiol1s that have grown 
up in times of ignorance and become asso- 
ciated and deeply involved with religious 
e:notiol1s. Mr. Savage is at no pains to 
conceal the fact that he is Dot orthodox, 
and avails himself of many opportunities to 
hit his theological opponents, but he can 
hardly be expected to start new f:.l:;hions 
in the pulpit, and the opportunity of posi- 
tion in the argnment is too tempting to be 
resisted. There are numerous passages in 


this volume that we should be glad to quote, 
as where he treats of the practical charac 
tcr of the discussion, the immense influ- 
cnce on the tbought of Chri
tendom of tho 
Mosaic cosmogony, and his chapter on th û 
U Evolution of Conscience," but our space.; 
wiJl not allow of quotations. We must re- 
fer the reader to the volume, which he wil1 
find frc8h, piquant, and instructive. 


PUBLIC LIDRARIES IN THE t'"
UEO STATES 
OF A}fERICA: Their History, Condition, 
and Management. Special Report. De- 
partmcnt of the Interior: Bureau of E,I- 
ueation. Part I. ,rashington: Gov. 
ernment Printing-Office. Pp. 1187. 
Tms huge volume, which is the expo- 
nent of the public reading in this countr)', 
is an extensive cyclopædia on the subject 
of libraries. The statistics which have 
been publisbed annually by the United 
State:! Commis
ioner of Education Lave 
been too limited to satisfy an inquisitive 
public, wbich wanted to know everything 
relating to books
 from the arrangements 
necessary for organi.lation to t1e best man. 
ner of preycnting the volumes from being 
soiled. 
This centennial offering will give much 
gratifyir.g information to the true Ameri- 
can, showing him that a great advancement 
has been made in the inteBectual as weB as 
in the material resources of the country. 
Thus, in ] 776, tbere were twent)".nine pub- 
lic libraries in the colonies, containing 
45,6
3 volumes. l'0\V there are reported 
to be 3,682 libraries, numbering from 12,- 
000,000 to 15,000,000 volumes, including 
pamphlets. Started in connection wilh the 
district
schools in New York and }Iassa- 
chusetts, free public libraril'8 in some form 
bave been established in the majority of 
the States of the Union; and it is believed 
that in no other country do so many libra- 
rics publish catalogues and reports. 
The rcport is occupied with giving, first, 
the history of public libraries in the United 
States; second, their present condition and 
extent; third, a dÌi:cussion of the various 
questions pcrtaining to library economy and 
management; fourth, f'xtendcd statistical 
information of aU classes of public libraries 
Suhject
 comparatively new are introduced: 
such, for example, as tIle advisability of 
establishing professorships of hooks and 
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reading in connection with college libraries j 
or the beneficial results that would be pro- 
duced by the employment of art.museums 
in free puùlic libraries. The report has 
been well ll1anaged and is well arranged. 
'I'll(' literature is especial1y good, as the grcat- 
êr part of the writing has been done by the 
yar;ous librarians thruughout the country. 


TllE THEORY OF COLOR in its Relation to 
.Art and Art-IndusÌI'Y. By Dr. W ILHEI.M 
YO
 BEZOLD, Profes
or of Physics at the 
Royal Polytechnic School of )lunieh, 
and Member of the Royal navarian 
Academy of Sciences. 'l'ranslated from 
the German by S. R. KOEHLER, with an 
Introductory 
keteh by Evw ARD C. 
}>ICKERISG. I1lu
trated by Chromo1itho- 
graphic Plates and Woodcuts. Price, 
::;3. 
THE advantages of this wurk over oth- 
ers of a similar nature are derived from 
the fact that recognition is made of the 
recent progress in physiological optics. In 
the first part of the volume the theory of 
color is placed upon its proper basis in re- 
lation to science, showing the aid which 
the latter gives in the perception of colors, 
their system, and the law of mixtures. One 
of the leading features claimed for the book 
i:l its purpose to serve as a guide to the 
pictorial and decorative artist, giving him 
hints in regard to the color of leaves, of the 
sky, and of water; the use of Claude glasses; 
the effectivencss of small differences; the 
laws regulating the combination of colors, 
etc. 
'VhiJe the signature of the author is a 
good recommendation for the book, the 
names of Prof. Pickering and )[1'. Koehler 
will gl.eatly m,
ist in the extension of itg in- 
fluence. 


CHEMJA COARTATA j OR, THE KEY TO "MOD- 
ERN Cm::.n
TRY. By A. H. KOLUIKYER, 
A. M., M. D., Professor of Materia Med. 
ica and Therape1Jtics at the University 
of Bishop's College; Professor of Mate- 
ria Medica and l'harmacy at the Mon. 
treal Coll(>ge of Pharmacy; Rnd Late 
Pl'ofe::For of Chemish'y, etc. Philadel- 
phia: Lindsay & Dlakiston. Pp. 111. 
Price, 

.25. 
TIlE author has prepared this work" in 
the hope 1hat it will prove useful to all 
who, from business occupation or from any 
other circumstance, may not have sufficient 
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time at theil. disposal to consult the more 
voluminous works" which have becn writ- 
ten. With the exception of brief intl'o- 
ductory remarks to the difti..rent subjects, 
the book is composed of tallIes. rhe work 
is valuable merely from the convenience 
of referring to it, but could not be recom- 
mended to those who are beginning the study 
of chemistry, as there are many simpler and 
more comprchensive treatises on the subject. 


KOTES ON nUILDJ:<iG COKSTRL"CTION. Ar- 
raI1ged to meet the Requirements of the 
Syllabus of the Sci(>nce and Art Depart- 
ment of the Committee of Council on 
}
ducation, South Kensington. Part II. 
Commencement of Becond 
tage or Ad- 
vanced COUl'
e. London, Oxford, and 
Cambridge: Rivingtons. 
THIs second part is in no rcr:pect infe- 
rior to the first, and the interesting manner 
in which difficult fìubjects are di
cusscd 
tends to fulfill the prediction that the differ- 
ent parts, when united, would make up a 
" body of principles on the subject of great 
value to practical men." Some of the sub- 
jects whicJl appeared in the first part are 
here treated more minutely, and others of 
a more im.olved nature are introduced. 
Among the latter are" Centres," ":-:tairs," 
"Riveting," "Fireproof-floors," "Paint. 
ing," II Paper-hanging," and II Glazing." A 
third part is to follow soon, completing the 
work. 


TWF.
TY - FIRST AKSU AL REPORT OF THE 
BOARD OF DIRECTORS OF THE ST. LOUIS 
PUBLIC SCHOOLS, FOR THE YEAR EXDJKG 
At;GUST 1, 1875. 
FRml" this report it appears that the 
number of pupils in the day-scbuols during 
I8';4-''1ã was 35,941; in the evening- 
school
, 5,75I-showing a large increase in 
the latter. Of the day-school teachers, tbe 
males form but ten per cent. No diFcrimi- 
nation is made in the 8alaries in favor of 
male teachers, and a competent womaI1, in 
the position of II supervising principal" ob- 
tains a salary of $2,200 per annum. rhe 
salaries distributed in the year reported 
amounted to e:;)31,8
0. All department!:! 
of the public-school s)stem are said to be 
in the most flourishing {'ondition. In con- 
nection with the schools there is a public 
library which gives gratifying results of its 
usefulness. 
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PREHISTORIC RE1IAUi'S .AT CINCIXNATI. By 
ROB.I!;RT CLARKE. 
THIS is valuable as a memorandum of 
the prehistoric remains found on the site of 
the city of Cincinnati, which have alt'eady 
beeu obliterated, or are fagt becoming so, 
by the extension of the city. It shows 
careful research. The main object of the 
pamphlet, however; is the vindication of 
the claims to importance of the "Cin- 
cinnati tablet" (engravings of which are 
given) found in a mound on Fifth Street, 
in 1841, by Mr. E. Gest. One face is 
sculptured, in low-relief, with hieroglyph- 
ics, which, from their singular resemblance 
to Egyptian carvings, excited much atten- 
_tion. It was accepted as genuine for thirty 
year:'!, when doubt was tùrown upon it by 
several writers, and since then it has been 
by llHtnY considered as a fraud. Mr. Clarke 
now brings furward a mass of direct evi- 
dence to show its genuine character as a 
true relic of thc mound-builders, which it 
woultl seem hard to contl'adirt; and adds 
that many wùo fur a time believed the tab- 
let an imposture aLoe now convinced of its 
gen
1Ïneness. No explanation of its signifi- 
cance or use, however, ig attempted, except 
incidentally. Archæologists will be glad to 
read this paper. 


THE GREEXSTO
ES OF NEW lIAMPsIlIRE, AXD 
THEIR ORGANIC REMAINS. .By GEORGE W. 
liA WES. 
THIS is reprinted with a colored pJate 
from the .American Journal of Science and 
Arts. The greenstones refen.ed to cover 
the upper end of the Connecticut Yalley, 
and belong to the Huronian age, but the 
authOl. considm.s them to have been formed 
from fine sedimentary deposits accumulated 
in still waters; that the metamorphic action 
under which they were consolidated was 
quiet or gentle in degree, far different from 
that which in the adjoining regions formed 
mountain-masses of granite and gneiss, and 
hence that their special location, in connec- 
tion with the nature of the sediments, has 
determined the characters of the greenstone 
series. In certain of these rocks silicated 
remains of rhizopod:; and foraminifers are 
found, and MI'. Hawes figures some as seen 
under' the microscope, with their natural 
colors. The pamphlet is an instructive one 
to geologists and mineralogists. 


FILTn - DISEASES A
D THEIR PREVEXTIO
. 
By JOH
 SnlO
, M. D., ,F. R. C. S., Chief 
Medical Officer of the Privy Council, and 
of the Local Government .Board uf Great 
Britain. l)rinted under the Direction of 
the State Board of Health of .Massachu- 
setts. .Boston: James Ca.mpbell. Pp. 
96. Price, $l. 
Tills book is well recommended by the 
Board of Health of Massachusetts, as it be- 
Heves that, "if the practical suggestions 
made in it were acted on by all citizens, 
hundreds of lives now annually doomed to 
destruction would be saved, and the health 
and coæfOl't of the people great] y incrE'ased. n 
The work was originally published in Eng- 
land as a preface to a volume of exceHent 
reports made by Government inspectors. 
The author first traceS the characteristic 
di8eascs due to filth, such as diarrhæa, ty- 
phoid fever, cholera, etc.; next, the vari- 
ous forms under \\ hich filth operates; and, 
finally, the means to be taken to do away 
with its cftèrts. lIe also discusses at some 
length the different closet-systems. 


FIFTY YEARS OF ){Y LIFE. By GEORGE 
THO\US, EARL OF ÂLnEMAR
E. New 
York: Holt & Co. Pp. 4
0. Price, 
::;2.50. 
TIlE Earl of Albemarle was born in the 
ILlst year of the last century, and his recol- 
lections cover mnch interesting historical 
ground. The position of his family brought 
him in contact with royalty from his early 
youth, and many illustl.ious persons, civil 
and military, figure in these pages. The 
narrative is written in a gossipy and con- 
tented manner, characteristic of a man who 
has lived a ]ong and enjoyable life. 


SEYE
TH ANNUAL REPORT OF THE STATE 
BOARD OF HEALTH OF )[ASSACHUSETTS. 
THIS report is the careful compilation 
of an able committee, and the popularity 
which it has obtained is justly deserved. 
The authors emphasize the fact that" it is 
expedient to keep practical questions of 
sanitary law and work constantly before 
the people; n and they have accordingly 
presented the matter very forcib]y. Such 
subjects as "Rivers Pollution" and "The 
Disposal of Sewage" are treated in their 
relations to disease. Aside from its local 
worth, the report is valuable on account of 
the general principles discussed. 
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THE Davenport (Iowa) Academy of Sd. I HE
RY HOLT &, Co. are just putting to 
ences has sent us its fir"t volume of "Pro- press, in hope of baving it ready by the end 
ceedings," forming a neatly-primed book of the year, a "Classical LiteratUl'e JJ by C. 
of 285 pages and 36 plate:>. Besidcs the .A. White, whose "J[ythology" has been 
records of mc
tings, catalogues of cabinet, received" ith much favor. Thc book will 
etc., a large number of papers are included, contain biographical and cl'itical notices of 
"hich, although local in their natUl'e
 are the leading writers in Sanskrit, Greek, and 
yet of much general interest. Davenport is Latin,,, ith specimens of their works, and 
so situated as to afford many advantages to some acccunt of the rcJations of the Ian- 
the student of X ature. The underlying guages. 
limestone abounds in fossils of the Hamil- 
ton and C"pper IIclderberg group!-1o j the riv- 
el'S and ponds produce a remarkably fine 
deveIopwent of mollu:5can life; wbile the 
close proximity of the prairies to the wOOù- 
ed bottom-lands affords a rich field for the 
botanist and tbe entomologist. This region 
was once the r
sidence of a prehistoric 
people, who have left many obscure traces 
behind them, furnishing an aùundance of 
material for the archæologist to ponder 
over. Among the essays are scveral re- 
ports of explorations of mounds at .Albany, 
Illinois, and in the vicinity of Davenport, 
by Dr. R. J. Farqllhal'son, and other arehæ- 
olngical papers by C. Lindley, Á. S. Tiffany, 
and J. D. Plltnam j geological papers by 
\V. If. rratt; botanical matter by Dr. C. C. 
rarry, J. G. Haupt, and J. J. Sagel; lists 
of in
ects of Iowa and Ctah, by J. D. Put_ 
nam; and studies upon land and fre:;h-wa- 
tcr shell,:, by W. H. Pratt. This fir:;t "Vol- 
ume is vel'y creditable to the young Acad- 
emy, and it is to be hoped a second similar 
plluIicaticn may soon follow. "
e observe, 
by,the-way, that it is published" for the 
Academy by the 'Yomen's Centennial Asso- 
ciation," and su:rgest that this would be 
an excellent way for our many societies of 
zealous women to spend their money in 
other cities than Davenport. 


.A
 ELE
IEXT.ARY HA
D-BOOK OF THEORETI- 
CAL MECHAXICS, with One Hundred and 
Forty-five Diagrams. Pp. 146. Price 75 
cents.-A
 ELDIEXTARY HA
D-BOOK OF 

\PPL(ED :YECHA
ICS, with Eighty-eight 
Diagrams. By W ILLI.AIl RO:;SITER, .F. 
1:. A. 
., }'. C. 
., }'. R. G. S. Xew York: 
rutnams. 
THE!,;E two "Volumes form a mean be- 
tween the commonly-received elementary 
treatil;'es 011 the subject and tbe more ad- 
vanced works. While they are simple 
enough for easy comprehension, they con- 
tain many of the data necessary for an ad- 
vanced student. 
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PuBLICA TIOXS RECEIVED.
 


The Germ-Theory of Disease. By J. 
Madagan, 1L D. Pp. 266. Loudon: Mac- 
U1i] Ian. 


The Functions of the Brain. By D. 
Ferrier, )f. D. rp.338. New York: rut- 
nams. Price, $3.50. 
The Carlyle 
-\.nthology. Selectfd by E. 
Barrett. Pp. 3f16. :Kew York: Holt &, 
Co. Price, 

. 
David and Anna )Iatson. By Abigail 
Scott Duniway. Pp. 194. With Illu
tra- 
tions. .K ew York: S. R. Wells & Co. 
Price, $2. 


Octavius D. Frothingham and the Kew 
Faith. By E. C. Stedman. Pp. 50. K ew 
York: Putnams. Price, 75 cents. 


An Alphabet in Finance. By Graham 
)leAdam. Pp. 230. Same publishers. 
Price, 81.2:>. 


)Iodern rhysical Fatalism. By T. R. 
ßil'ks. rp. 311. London: Macmillan. 
Price, 
2.25. 


Geographical Surveys west of the One 
Hundredth )Ieridian (Wheeler). III. Pp. 
681. With Plates. \Vasbington: Govern- 
ment Printing-Office. 
Chemistry Theoretical and rractical. 
Parts X. to xn
. Philadelphia: Lippin- 
cott & Co. Price, 50 cents each. 


Proceeding:; of the Poughkeepsie Soci- 
ety of .Katural Sciences. Y 01. I., Part I., 
Pp. 150
 
Prometheus. 'Yeek]y 1tlagazine. YoJ. 
I., Xo. 1. Pr. 28. 1\ew York: Charles 
P. Somerby. Pl'ice, $3 per year. 
Proceeùings of tIIC American Chemical 
Society. Y 01. I., X o. 1. rp. 80. :K e71 
York: Trow &, Co., printers. 
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Valedictory Address at the Indianapolis 
College of Medicine. By E. D. Foree, 1[. D. 
Pp. 19. Indianapolis: Journal print. 
Report of the New York Meteorological 
Observatory. By D. Draper. Pp. 48. 
New York: Evening Post print. 
Report of the Commissioner of Agricult
 
ure. Pp. 19. 'Vashington: Government 
Printing-Olli
e. 
Field and Forest. lIonthly. Vol. 11., 
No.5. Pp. 8. 'Vith Plate. "Tashington: 
The Columbia Press. 
Mayer's Ontogcny and Phylogeny of In- 
sccts. Also, .A. Century's Progress in 
- 
\.merican Zoölogy. By A. S. Packard, Jr. 
1'p. 4 and 8. 
Immediate Preparation and Early Re- 
sumption. By R. T. Paine, Jr. Pp. 31. 
Boston: Â. 'Yilliams & Co. 
A System of Marine Signals. By S. P. 
Griffin. Pp. 13. New YOl'k: Yan Kos- 
trand. 
Appalacltia. Organ of the .Appalachian 
IIountain Club. Pp. 6:!. With .Maps. 
ll05ton: A. 'Villiams &, Co. 


Education and Pl'ogl'ess: an 
\.ddress 
by General T. M. Logan, of Virginia. Pp.16. 
Relations of Physical Health to Moral. 
ity and Religion. By Rcv. G. ,Yo Cooke. 
FrolD the lIerald of Healtlt. Pp. 8. 
Death-Rate of each Sex in :}lichigan. 
By H. 13. Baker, M. D. Pp. 16. Cam- 
òridge, )la.ss.: Riverside Press. 


POPULAR MISCELLANY. 


Deel)-Seu, Bottom Dt'posit
.-The deep- 
sea bottom deposits found by the Challenger 
expedition are classified as foHows by 
lr. 
:}[urray, naturalist on the scientific staff: 
1. Shore-deposit;;, amI these are mud of 
a variety of colors, as blue, gray, green, red, 
aho coml-mud aud sands; 2. Globigerina 
ooze; 3. RaJiolarian ooze; 4. Diatomaceous 
ooze; õ. Red anò gray clays. To these 
may be added peroxide of manganese in 
nodules and grains widely diffused. 
The character of the sea-bottom contig- 
uous to the shores is determined largely by 
that of the adjacent lan1:;. Thus coral- 


mud occurs in the vicinity of coral-island:;, 
and volcanic product3 near volcanic dis- 
tricts. 
This general feature of the coast ex- 
tends in some cases lõO miles seaward; an 
exception was found, however, among the 
coraJ-i
lands of the Pacific, where the coral. 
mud occurs as a narrow band around the 
blands. 
Globigerina ooze is the most abundant 
deep-sea deposit next to tIle clays. It does 
not occur in the inclosed seas in the Pacific 
north of latitude 10 0 north, nor south of 
latitude 50 0 south. 
Radiolarians occur in most seas, lmt 
only in limited areas are they sufficiently 
almndant to gi,"e a distinctive character to 
the ooze. In the .Antarctic Ocean a diatom 
ooze is found, and radiolarian ooze was 
brought up from the great depth of 4,47;) 
fathoms - nearly four and three-qnarter 
miles. The skeletons of these minute or- 
ganisms are siliceom;. 
The red clay is the most nbundant de- 
po
it, and below depths of 2,OUO fathoms i8 
ver
. widely diffused. The skeletons of si- 
liceous organisms are abundant in it, but 
calcareous 8hells are few, and in some sped- 
mens "holly wanting. The author' seems 
to refer the origin of the red and gray 
clays to lavas, scoriæ, pumice, volcanic 
ashes, and pos:5ibly meteoric or cosmic 
dust; and aÒds, " If there be an ash after 
the carbonate of lime is removed by acid 
01. other agent, this will be another source." 
But Prof. ". yville Thomson distinctly states 
that the red clay is essentially the insoluble 
ash or residue of calcareous organisms 
\\hich form the globigerina ooze, after the 
ca.leareous matter has been removed; and 
this conclusion is confirmed by the very 
careful experiments made by )11'. Buchanan, 
who treated the ooze with dilute acids. 
The au
hor states that efforts to detect 
free protoplasm in the dredgings was at- 
tended by no definite re:mlt. Some speci- 
mens, however, assumed a jelly-like aspect, 
with flocculent matter when in spirits. 
This flocculent matter was found by Mr. 
Bu
hanan to b
 "sulphate of lime precipi- 
tated from sea-water, and the author in- 
fers that the so-called 'Bathybius ' and tbe 
amorphous sulphate of lime are identical." 
In this connection he quotes a report on 
the subject by 1[1'. Buchanan which states 
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that" the substance" hen analyzed consist- 
ed of sulphuric acid and lime, and, when 
dis
olved in water and thc solution allowed 
to e\'aporate, it crystallized in the wcll- 
known form of gypsum; the crystals bcing 
aU alike, there ùeÍng no amorphous matter 
among them." :Mr. 
hllTay's conclusion is 
that in "placing Bathybius among li\"'in
 
things thc describers of it committcd an 
error. " 


Effflitridty In Wood-
rowth.-)Ir. T. 
S. Gold :writes as fol1ows, in the Gardwer's 
.JIontlt(lf, concerning the unequal deposi- 
tion of wood in growing t,'ees but partially 
exposed to the action of the wind: "A choke- 
cherry sprang from seed in front of m.v pi- 
azza, close to it, and could only be moved 
by the winds latera11y. The section of the 
trunk was elliptical, the longer diameter 
being nearly douLle the shorter. Since the 
tree hus grown above the roof of the piazza 
thz trunk is becoming less elliptical. A 
young plum-tree standing close by the side 
of an out-building was killed by mice, and 
the sprouts we"e allowed to grow. The
e 
were all eUipticallike the cherry, and made 
most wood on the two sides. It appeared 
to me that the trees made wood where it 
was most needed, on the sides where the 
strain of the wind came. Sometimes the 
eccentricity is produced by large branches 
or large roots on one side of tbe stem, and 
in other cases these seem to haye little in- 
fluence." This accorlIs with the view of 
Mr. Hcrbert Spencer, who, in the appendix 
to his second volume of "Biology," gives 
the histol'y of an interesting course of ex- 
periments "On Circulation and thc Forma- 
tion of 'V ood in Plants." 


Xotes on the British .trdi
 Expedition. 
-Of the two ships constituting the British 
Polar Expedition, the Di:,covery, Captain 
Stephenson, wintered at Cape Baird, lati- 
tude 81 0 40' ; and the Alert, Captain :Nares, 
at Cape Union, latitude 8:!0 30'. The site 
of the suppo
cd "Open Polar Sea" was 
found to be occupied by a rigid sea of ice, 
called the Paleocry
tic Sea, or Hea of 
\.n- 
cient Ice. The thickness of this icc is 
enormoug, var
'ing from 80 to 120 fect. 
Thi:; Paleocr
'stic Sea is no douLt thc accu- 
mulation of many years, or e\'en of centu- 
ries. The lowest temperature experienced 
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by thc expedition was 104 0 Fahr. below 
freezing, which is 20 0 bclow the minimum 
o
served by the Polaris Expedition. The 
sun was absent 142 days. A sled-party 
from the Alert planted the Briti
h flag in 
latitude 83 0 20' 26
 j but, as they had to hew 
a track through the exceedingly rough sur- 
face of this frozen sea, seventy-two days 
were spent in accomplishing the journey. 
Another party explored the coast-line west- 
ward for a distance of 220 miles. The 
most northerly point of the coast of Grallt 
Land waS found by this party to be Cape 
Columbia-latitude 83 0 7', west longitudc 
70 0 30'. The Greenland coast was explored 
by a party fmill the Discovery, and its most 
northerly point found to be in latitude 82 0 
50', west longitude 43 0 30'; thence the coast 
trcnds in a southeastern direction. A gocd 
seam of coa1 was discovered near the win- 
ter-quartcrs of the Discovery. A brass tab- 
let with the following appropriate inscrip- 
tion was fixed on the g..ave of the gallant 
American explorer, Captain Charles }','ancis 
Hall: U Sacred to the memory of Çaptain 
C. F. nall, of the U. S. ship Polaris, who 
sacrificed his life in the advancemcnt of 
science on Xovember 8, 1871. This tablet 
has been erected by the British Polar Ex- 
pedition of 187=', who, following in his foot- 
steps, have profited by his experience." 


Sexud Se]e('Ucn among tile JlollkefS.- 
Mr. Darwin, in his U Descent of Man," holds 
that the brilliant c010ring of the faee in t1)e 
male mandrill, and of the posterior callosi- 
ties in that and sund.,y other species of 
monkeys, is the result of sexual selection. 
He now, in a communication to Xaturf'. 
brings forward some new ob!'=eryations on 
this 
ubjcct made by Joh. von Fischer, of 
Gotha. Von Fischer finds that not only th
 
mandrill, but the drill and three other kinds 
of baboons, which he names, also C.'Inopithe- 
CUB niger, JIacacus rlwms, and .JL ncmcs- 
trinus turn thc hind-parts of their bodies, 
which in all these species is more or less 
highly colored, toward him when they are 
pleased, and toward other pcrsons as a kind 
of greeting. Many othcr facts of a like 
nature arc mentioncd by Mr. Darwin, and 
then he expresses the opinion that U tho 
bright colors, whether on the face or hindcr 
end, or, as in the 1Tiandrill, on both, servo 
as a sexual ornament and attraction. .Any- 
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how," he continues, "as we now know tbat I asking for the appointment of arommission 
monkeys have the habit of tuming theit' to inve::;tigate the" history and haUllts of 
hinder ends toward ot.her monkeys, it ceases this insect j also all possible means of its 
to be at aU surprising that it should have extermination, and remedial agencies which 
been this part of their bodies that has been may b'ð used against it." Prot: Riley, of 
more or le:5s decorated. The fact that it is St. Louis, delivered an addre:,;s, in which hc 
only the monkeys thus characterized which, briefly narrated the habits and l:istoryof 
as far as at prescnt known, act in t!Iis man- the Rocky )lountain locust. lie considered 
nel' as a greeting toward other monkeys, that there wt:re two main questions before 
renders it doubtful whether the habit was the confercnce: 1. How best to deal with 
first acquire!l from some independent cause, the young insects that threaten to hatch out 
and that aft.erward the parts in quest.ion over a vast extent of the country next ::;pring ; 
were colored as a sexual ornament j or and, 2. The investigation of the insect in its 
whether the coloring and habit of turning native home, with a vicw of preventing its 
round were first acquired through variation migmtions into the country to the south. 
and sexual selection, and that afterward the east. Prof. C. D. "rilber, of Kebraska, 
- ha.bit was retained as a sign of pleasure or gave an acconnt of the various means aùopt- 
as a grceting, through the principle of in- ed in different parts of the West to co Ilnter- 
herited association." act this p),lg
le. Governor PiIl:5hUl'Y, of 
Minnesota, gave a histol'y of locust-ravages 
in variou$ countries. Go,'ernor Pennington, 
of Dakota, offèred a scrie5 of re:<olutiolls 
" respectfully but earnestly urging that all 
our people in the States anJ Territorics 
afflicted by tbe bcust-plague, of all denomi- 
nations and sects, offu up special prayels 
in their respective churches for delh"erance 
from this great enemy." 


Tile Tr.UlsmissiaD of Il:1bit.-.A corre- 
spondent of .1Yature, resideut in .New Zea- 
land, com:nllnica.tes to that joumal several 
inst.anees of the transmission of habits to 
offspring in animals. One instance is that 
of a mare which would wander away from 
the" mob" of horses to which she belonged 
- always seeking one particular creek. 
'Vhen released fl.om work she would make 
off to her favorite feeding-ground by her- 
self: One of her progeny some ycar's after 
showed a similar liking for solitude. Again, 
a valuable m'1re was an incorrigible kicker; 
she tran:;mitt
d her special vice to her off. 
8pring. Peculiarity in the form of the hoof 
has been transmitted to generation after 
genpration. The same writer states that a 
particular strain of Dorking fowls which he 
has had in his possession fOI' thil,ty years 
always show a restless desire for rambling, 
and this, too, under the difficulty of meeting 
with much persecution when straying be- 
yond their range. 


Effðl'ts ta stop the Locnst-PJagoe.-In 
October a comrention of the Governors of 
several 'Vestern States and Tcrritories was 
held at Omaha, to devise mea.ns of with- 
standing the plague of locusts. Besides 
the G:3vemors, there were present at the 
meeting a numher of prominent farmers and 
schmtific men. .A memorial to ConO'ress 
was adopted, setting forth the seriO\
s in- 
jury done to agriculture by the locust, and 


In",ect Fertilizl\tion of Plallt
.-For a 
year )[1'. Thomas .lleehan has been making 
observations and experiments to determine 
whet.her insects are of materi
l aid to plants 
in fertilization. IIi:; results, which are pub- 
lished in the Penn .J[untld.lf, appe.lr to favor 
a deci:,;ion of the question in the negative. 
That insects sometimes fertilize and cross- 
fertilize flowers, he admits, but be holds that 
these cases are less frequent than the)r are 
supposed to be, and that, when they do oc- 
cnr, they ha\'"e no bearing on the gpnera\ 
welfare of the race. The chi
f arguments 
for the nece
sit}" of insect fertilization, :,;ays 
)fr. 
[eehan, are drawn [I'om structure and 
not f1'om facts of observation. Thus it i:; 
stated that Ii-is, Camp mu/a, danddion, ox- 
eye daisy, garùen pea, Lobelia, do,.er, 
and many ot
ler plants, are so ai'ranged 
that they cannot fm'tilize them:.;elves with- 
out insect aid. But the author has inclosed 
flowers of all of these in fine gauze bag:" 
and found that they produced seeds as well 
as other flowers that were exposed. And yet 
Iris rir!linica and CawpaTwla are common 
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illustrations of the supposed necessity of 
insect fcrtilizaticn. In one plant experi- 
mented with in this "ay (Baptisia), 
l'eds 
were not formed. This plant, in the author's 
opinion, may po
:;ilJly requh'e insect agency 
for its fertilization. He docs not deny that 
flowers al'e 80metimes fertilized by the aid 
of insects; but he does not admit that this 
mode of fertilization is very common. His 
conclusions uJaJ lie 
tated as follows: 1. 
That cI'o:;s-fertilization by insect agenc)T 
docs not exist nearly to the extcnt claimed 
for it; 2. That, where it docs ('xist, there is 
no evidence that it is of any material bene- 
fit to the race, but contrariwi:::e; 3. That 
difficu1ties in seU:'fertilization result from 
phy
iological distUl'hancps that have no 
relation to the general welfare of plants as 
specie
. 


3 81 


gists from the first appearance or the rlis. 
appearance of important groups of organic 
forms. It has appeared to the committee 
that the Ol'ganic remains of the Cambrian, 
Taconic, or so-called Primordial strata merit 
especial attention in this connection. 
These various c01lections should be ex- 
plained as fully as possillie by labels, cata- 
logues, monographs, and maps. 
3. Collections of geological maps, and 
also of sections and models, especially such 
as Serve to illustrate the laws of mountain- 
structure. In the geological maps, regard 
shouhl be had to various questions "hich 
de::serve the special consideration of tbe 
Congr

s, such as the scales best adapted 
for difterent purposes, the colors and sym- 
bols to lie used, and the proper mode of 
representing superficial deposits conjointly 
with the underiying fornJRtions. The sec- 
retary of the committee is Dr. T. Sterry 
Hunt, of Boston. 


J)ropused lnterllatioual Geologh'al (on- 
gr..I.!'i. - A committee appointed by the 
American As
ociation has issued a circular 
addrc:.:,;ed to geologi
t:;, announcing the I fODlI)arati.YC D.leteti
 "?I
(> 

 neat and 
proposed convocation of an International I E
!!
.-A WrIter III the Bcurdific Farmer 
Geological Congress, to be heÍd at Paris estimates the food-value of one pound of 
some time during the Exposition of 1878. e
gs as a producer of f
r?e, i. .e., the amoUJ.It 
It is proposed tû make the ConO'ress an of work the pound oXIdIZed m the body \8 
oceai"ion for considering many disputed theorctically capable of producing, at 1,584 
points in geology, and to this end it is de- foot-tons, a?d the value of ?ne po
nd of 
sirable that the Geological Department of lean beef, hom the same pomt of VIew, at 
the Exhibition should embraC'e-1. Coller- 990 foot-tons. As a flesh-producer, one 
tions of crystalline rocks, both clJHalline p
und 
f e
gs is about equal to 
ne pound 
sch . sts d . t . k . ot beet, as 18 i"ho"n by H)e folIo\\ mg ana]y- 
I all massn'e or erup Ive roc OS, 111- 
eluding the so _ called contaet _ formations sis quoted by the author: 
and the results of the local alteration of un. O
E P01JND OF EGGS. 
crystalline sediments by eruptive masses. Water.................... 12 oz., 36grs. 
In this connection are to be de
i red all ex- Albumen.. .. . ..... . . . .. .. 2 oz. 
.Extracth"c , . . . . . .. . .. . . . . . 130 gTS. 
amples of organic remains found in erystal- Oil or fat.. .... .... .... .... 1 oz., 214 grs. 
line rocks, including Eozoon and related .Ash.. .... .... ............ 2S grs. 
forms. The
e collections should, moreover, Will prottuce at thc maximum 2 oz, of dry muscle 
comprehend aU ral'e and unusual rocks of or flesh. 
special lithological, mineralogical, and chell!- ON}: pOt::
m OF BEEF. 
ical interest, c>..amples of Ol.e-dcposits and Wat{>r.................... 8 oz. 
f Fihrille and albumen. . . . .. 1 oz., 122 grs. 
o vein-stones of all kinds, ,\ ith their in- Gelatine.................. 1 oz., 62 gr8. 
('asing rod\
. As far as possilJle these co 1- Fat....... .... ..........". 4 oz., 340 grs. 
lections should be limited to speeimens of ß MineraL.......... ....... 3:>0 grs. 
size convenient for examination, and be ac- The auth<fr. Iwrellpon remarks as fol- 
companied wi th seetions prepared for mi- 1m, s : 
croscopic study. 
U A lien may be calculated to consume 1 
3. Collections iIlui:trating the f:-tuna and bushel of corn yearl)", and to b
.12 dozen or 
the.flom of t
e P,llæozoic and more recent 18 pounds of e
gs. This i$ e'luÍ\"ült--'nt to 
pel'lOd
, partIcul:u-ly of such horizons as pre- I Baying that 3.1 poundg of corn will produce, 
!5ent a more critical inte:'est to }!nleolltolo- I when fcd to this hen, 1 pound (.f egg-I". A 
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pound of pork, on the contrary , requires 
about 5-1- pounds of corn for its production. 
'Vhen eggs are 24: cents a dozen, and pork 
is 10 cents a pound, we have the bushel of 
corn feJ. producing $2.88 worth of eggs, and 
but $1.05 worth of pork. 
H Judging from these facts, eggs must be 
economical in their production and in their 
eating, and especially fitted for the laboring- 
man in replacing meat." 


Qn.alifl
ations or 
Iedieal Stndents.-At 
the opening of the medical session of Glas- 
gow University, last week, Prof. 
lcCan An- 
derson said few could doubt that a prelimi- 
nary examination of candidates for admis- 
sion to the c1asses was called for, but if 
proof wel'e required it might be found in 
the answers given to the following questions 
submitted to cl\ndidates by one of the ex- 
amining boards: "'Vhat is meant by the an. 
tiquity of man?" Answer:" The wicked- 
ness of man." "The Letters of Junius?" 
"Letters written in the month of June." 
" The Cru
ades?" ".A. war against the Ro- 
man Catholics during the last century." 
"The first meridian? " " The first hour of 
the day." "To speak ironically?" "To 
speak about iron." "A Gordian knot?" 
" The arms of the Gordon family." " The 
Star-chamber? " "Place for viewing the 
stars." " To sit on the woolsack?" "To 
be seated on a sack of wool." ".A. sole- 
cism ? " " A book on the sun." "The year 
of jubilee?" "Leap-year." They could, 
the professor added, have appreciated this 
htst answer all the more heartily had it em- 

I.llated from one of the female medical stu- 
dents. It is, bowever, only just on women 
to admit that they are, as a rule, serious in 
their studies, and are not in the habit of 
joking examiners. There is, indeed, an 
earnestness of purpose in their efforts to 
compete with man which entitles them to 
respect, and even imitation.-Pall .J.1Iall Ga- 
utte. 


The Strng
le for Existence.-Prof. Al- 
fred 
 ewton, in his address to the Biologi- 
cal Section of the British 
\ssoeiation, de- 
scribed as follows the eff
cts consequent 
upon the introduction by man of foreign 
speries of animals into newly-discovered 
regions: II Set face to face with unlooked- 


for invaders, and forced into a contest with 
them from which there is no retreat, it is 
not in the least surprising that the natives 
should succumb. They have hitherto only 
had to struggle for existence with creatures 
of a like organization; and the issue of the 
conflict which has been going on for ages is 
that, adapted to tbe conditions under which 
they find themselves, they maintain their 
footing on grounds of equality among one 
another, and so for centuries they may have 
'kept the noiseless tenor of their way.' 
Suddenly man interferes, and lets loose up- 
on them an entirely new race of animals, 
which act and react in a thousand different 
fashions on their circumstances. It is not 
necessary that the new-comers should be 
predacious; they may be sa fa,r void of of- 
fense as to abstain from assaulting the 
aboriginal population; but they occupy the 
same haunts and consume the same food. 
The fruits, the herbage, and the other sup- 
pli2S that sufficed to support the ancient 
fauna, now have to furnish forage for the in- 
vaders as well. The new-comers are creatures 
whose organization has been prepared by 
and for combat throughout generations in- 
numerable. Their ancestors have beën ele. 
vated in the scale of being by the discipline 
of strife. Their descendants inherit the 
developed qualities that enabled tbose an- 
cestors to win a hard-fought existence when 
the animals aro,md them were no bigh
r in 
grade than those among which the descend- 
ants are now thrown. The struggle is like 
one between an army of veterans and a 
popuhtion unused to warfare." 


Er3n091Y In Hie fse of Steam.-A series 
of experiments has been made, as we learn 
from ÜQn, upon the SO-horse-power engine 
at Portsmouth dock-yal'd, for the purpose of 
testing the value of a process, the invention 
of Yr. )Iarchant, of London, whereby steam, 
after ho.viu rr done its work, in the cylinder, 
is pumped;::" back into the boiler, to be re- 
utilized for steam-po" ere The ad vantage 
which t.he inventor claims for his invention 
is a considerable saving of fuel, because, 
inasmuch as it is economical to keep the 
boilers supplied with hot water from the 
condensers instead of cold water, it follows 
that to keep them supplied with steam di- 
rect from the cylinders must prove still 



more economical of fuel. The experiments 
appear to have been succcssful. The en- 
gine one day was worked as an ordinary 
condensing engine, when it was found that 
the consumption was 1,17G pounds of coal 
in six hours, producing an indicated horse- 
power of 81.747. The next day thc cn- 
gine was dl'ivcn with :Marchant's steam- 
pumps connected with the low-pressure cJl- 
inder; the consu
ption of coal was now 
1,158 pounds, while the indicated horse- 
power was 104.123. The ascertaincd work 
on the steam-pumps was six indicated hOl'!:e- 
power. 


Gatherinl; ROtk-Crystnls.-Searching for 
rock-crJ stals is one of the recognized in- 
dustries of the Swiss Alps, and the men 
who follow this vocation are known as 
StraMers. The following notes upon the 
search for these crJstals we take from the 
J.Ioniteur Industriel Edge.. The outfit of a 
SimMer consists of a bar of iron four feet 
long and bent at one end, a shovel, a pick- 
axe, a hammer, a stout cord, and a leathern 
sack. Thus equipped, he goes out to his 
work in the morning. lIe nearly always 
goes alonc, so as to have all he may find for 
himself. }'or hours and hours he creeps 
along the sides of the rock, on projections 
of a few inches, over yawning chasms. 
'Vhen he descries a vein of quartz, he 
strives to reach it, but oftentimes this is 
a matter of extreme peril, and involving 
much labot'; he must be very careful where 
he steps, and not seldom he must hew out 
a resting-place for his foot in the rock. 
Having reach cd the vein, he follows it and 
strikes it with his hammer. IIis practised 
ear tens him whether he has to deal with 
a "cavern," a "druse," a "pocket," or a 
" kiln," as the various kinds of cavities are 
called in which are found the erystals- 
whether attached to the walIs or loose and 
mixed with sand. The most famous dis. 
conry ever mad
 of monster crystals is of 
very r
cent date. Some hundred feet above 
the snow-line an apothecary of Bel'll saw a 
vein of qual'tz 60 feet long and from 4 to 
12 feet wide. On working the vein, four 
hundred-wcight of crystals were taken out; 
the larger masses were purchased for mu- 
seums, while the smaJIl'r pieces were sold 
to opticians, 


NOTES. 
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THE chemical lahoratory for female t;ru. 
dents, in the new building adjoining the 
Massachusetts Technological Iu::;titute, has 
Leen thoroughly fitted up, and was occupied 
for the fir
t time early in :KovemLer. 
. 
FIVE specimens of ground coffee, chcmi- 
cany examined by U. H. Eddy, of Michigan 
L"niversity, werc found to be adulterated to 
the extent of fl'om 22 to 39 per cent. with 
chiccory. One package. labeled" Pure 1110- 
chao and Java," contained 23 per ceut.; 
"Pure Rio," 25 per cent.; "I)ure Java," 22 
per cent.; "Royal Java," 31 per cent.; 
"\Varranted pure !!,overument Java," 3H 
per cent. l3esides chiccory, these prepared 
coffees consisted chiefly of peas. oats, stan'h. 
carrots, etc. In three of the five specimelA::; 
no caffeine could be discovered. 
'YHITE-LEAD, as a pigment, is chiefly 
valued for its" body," and for the case "ith 
which it is laid on; but it produces lead- 
poisoning, and also tends to l<k'e its" hite- 
ness. Zinc-white is not open to these ob- 
jections. Properly prepared, it has as 
ûod 
covering properties as wbite-Iead, and the 
addition of magnesia in the manufacture 
makes it as easy io work; besides, it bas no 
injurious effects on the health of those" ho 
manufacture or USEJ it. 


AN extensive deposit of plumbago has 
been discovered in Long8wamp TownslJip, 
Berks County, Pennsylvania. "The dE- 
posit," says the .AmericanJ[anufactura, "is 
bet.ween seven anJ eight feet in depth, and 
the mineral is of the best quality. Similar 
deposits are supposed to exist elsewhere in 
the saUle region, and persons are now en- 
gaged in prospecting, but as yet 110 new db- 
coveries have been made." 


THE Lib1.ar.1J 'l'aóZe for November con- 
tains a good sketch of the Jife and works 
of Mr. Dat.win, with portrait. A "aluable 
feature of this periodical is its classified 
index to cmrt:'nt periodical literature. 
THE death is announced of thE' emiuent 
}'rench geologi::;t, Charles Sainte-Claire De- 
ville, at the age of sixty.two years. He 
was a nath"e of the island of St. Thomas, 
graduated from the Paris School of Mine::, 
studied the geology of the AntiIles, and 
published the results of his investigations 
in 1856. Later he was Pl'ofes::;or of Geol- 
ogy in the Collége de :France. For many 
years he devoted himself to the study of me. 
teorology, and to him in great measure is 
due the found3 tion of the Montsouris Me- 
teorologicalObservatory. 
Xo publications by professors or other 
attachés (qllære: officers, students, resident 
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graduates?) of the Johns Hopkins rnivel'- 
sity are permitted to lie issued in the name 
of, or dated ii'om, the unÏ\'ersity, without 
the consent of the profe8sor to whose de. 
partment the subject-matter belongs, or, in 
defect of such prof
s:5or, 01 tbe hcad of the 
universít.y. 
TIlE ;E,tgineering and .J.mniug Journal 
proposes to its readers the following prob- 
lem in proportion: If thc German Conti- 
nental Gas-Light Company is atle to declare 
13 per cent:dividend
 on its capital of nearly 
$3,000,000, when paying 
5.75 per ton for 
its c3al, and cha"ging $1.U1 and 
1.3;S per 
thousand feet for it:,; ] 5.9 candle-gns, what 
are the profits of the New York gas COUl- 
panieH, which pay 
6 per ton for their cQal, 
and charge $
.50 per thousand feet for a 
poorer gas? 


b thc School of Anthropology lately 
opened under the auspices of the Paris }'ac- 
ulty of .Medicine, Prof. Paul Broca lectures 
on anatomical anthropology, M. F. Topinard 
on biobgic3.l anthropology, M. Dally on 
cthnolo
y, M. de Mortillct on prehistcric 
anthropology, and M. Hovclacque on lin- 
guistic anthropology. The course is open 
to the public. 
SEVERAL membcrs of the Paris Anthro- 
polo
ical Society have promiscd each to 
write a will directing that his brain be sent 
to the society, for inspection and disi'ection. 
It is thought that, by procuring the thillking 
organ of per
ons whose lUlbits and works 
are perfectly known, some light might be 
thrO\\ll on the laws of physico-mental organ- 
iz:1tion. The scheme is anathematized by 
the leaùing religious newspaper of }'rance, 
the Univers. 
Ox and about pistons and jonrnals whieh 
have been lubricated with animal and vege- 
table oils, lumps of dirty matter are found, 
con:;:isting of iron oxide and fatty aeidf:. 
Dr. Schöndorff has found that the oil is de. 
composerl hy steam into glycerine and fatty 
acid, and that the latter attacks the iron, 
causin
 enlar
ement of t.he c
'lilJder. He 
therefore reeommenùs the use of heavy min- 
eral oils as lullricators. 


IT is stated in Land and Jrater, as a fact 
beyond contradiction, that the choice EnCl'- 
lish breeùs of cattle have for some Jea
s 
not only tended 10 dimini8h in size, but also 
in robustnl's:, of constit ution. The miJk- 
) ieldiÐg qualitie[.; of English cattle, too, are 
declinin,!!, so that the importation of cbf'ese 
and butter is incr'casing enormously. This 
is strildnl!-ly the ca:;e with the IJurhams, in 
whieh everything is sa{'rificed to form. In 
the finest strains of Durham cattle fecundity 
has heen se.-iou:;ly afleeted, and the ntilk- 
sccretion has become next to nothing. 
TIlE loss, in 1875, to Russia, from the 
ravages of wolves, amounted to about] 5,- 
000,000 rubles. The number of cattle 
kill{,d was 17

,OflO; of sheep, etc., 562,900. 
In the government of Kalouga alone the 
wolves killed 8,2UO gèt'se and 2,000 dogs. 
The human lives destroyed b)" the wolves 
are estimated at 200 per) ear. 
AT the fifth meeting of Russian natural- 
ists, held at W arsaw, 
l'ptemh{'r 12th, propo- 
sa)s were favor
bly received to establish a 
zoölogical station on the Solovctzky Islands, 
and to request. the aid of the :Kaval Depart- 
ment for dl'ed
ings in the Blacl,; Sea. .Me
srs. 
Grimm and Dogdanoffinfol'med the meeting 
that they had undertaken two publications, a 
popular periodical, Haald of Xli/ural &i. 
ence, and a periodical in Freuch or German, 
which would give to fOt'ei
n readers brief 
notices of sciclltific "orl{ in Russia. 


A :MINER at :Kitf:hil1, in Scotland, lately 
committed Fuicide by hlm\ ing himself up 
with dynamite. He procured a J 1 al'cel of 
the explosin, went into the middle of the 
street., lighted the fuse, and IcmlCd over the 
dynalliite. The man was lIlown to atoms, 
and, on the spot where the dynamite had 
been laid, a hote was made about three feet 
deep hy two anù a Imlf \\ ide. 
A CO
fl\nSSIO
 appointed by the GO\'"ern- 
ment of Prussia to a
certi\in sUl1drv anthro- 
polo,!!ieal òata, has rcrorted that of 4,]!7,776 
pupils in schools, 42.97 per cent. had b
ue 
eyes, and 24.:n pCI' CPJlt. brown; 72 per 
cent. had blond hair, 26 per cent. bro\\ n, 
and 1.21 per C&11. black. With regard to 
the color of the skin, only 6.53 barl brunette 
complexion. 
h a ]etter addrc!"sed to}I. Dumas, of the 
Pari::; Acaòemy of 
ciencps, M. Gaehez as- 
serts that vines may be rrotected ii'om the 
ravages of the PII,I/llo';lf"ra by planting; h red 
maize" between the rows. The Ìni"ect. quits 
the vine and attacks the roots of the alaize. 


A
 association baR been formerl and an 
e:-tate purchased on the Sussex (England) 
('o
st, for building hom:;es of a 
nperior char. 
aeter, and on the most approved principle:'!, 
80 as to secure all thc aùvantages depietcd 
by Dr. Richardson as belonging to his" Hy- 
gcia," or City of Ht'alth. 
THE great maritime canal cOlmecting 
.Amsterdam with the German Ocean was I
 184Ç1, out of every sixteen men, wOI11- 
opened Novemlwr ]st, with impo
ing cere- en, and chi1dl'en, in England ar;d W81c1-1, 
mony. The c:mal is sixtf'en miles in length, one was a pauper mainrained by the charity 
and has at. the sea-e
d a harbor covering of the rf'maining fifteen. In 1852 one ill 
250 acres, which, however, is not quite com- I twenty was a pauper, and in 1875 only one 
ptcted. I in thirty. 
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. THE TRIAL OF GALILEO.l 


By A. MÉZI
RES, 
OF THE FRENOH AOADEMY. 


M ANY points have been left obscure in the history of the double 
trial of Galileo, the details of which till Jately were but imper- 
fectly known. The important work published by Domenico Berti!l 
fills up some of these gaps, by placing before our eyes a collection of 
authentic documents taken from the secret archives of the "\-r atican. 
"\Ve have here no work of p
n-tisanship, undertaken in the interest of 
religious controversy, but an bistorical work executed with all the 
scrupulous care that is nowadays exacted in an historical researches. 
In France tbe question had already been handled by Libri, Biot, 
Joseph Bertrand, Trouessart, and Th. IIellri 
Ial'tin, the first two ap- 
proaching it with preconceived opinions that aided but little in the 
discovery of the truth, ,,
hile the others brought to the discussion a 
remarkable spirit of impartiality. But all of these writers lacked the 
indispensable elements of information which now, thanks to the labors 
of Domenico Berti, are at the disposal of the future biographers of 
Galileo. If we have suffered ourselves to be anticipated by an Itålian 
in the publication of the documents relating to this fhmous case, we 
must attribute the fact eitber to the negligence or to the pnldence of 
tbe French Government, for we were in possession, for nearly half a 
century, of the valuable manuscript the full text of which is now 
published by Berti. IIaving been taken out of the Vatican archives 
during the first empire and carried to Paris, this original collection 
was there seen by the hh"torian Dcnina, but he thought it to be of no 
import3.ncc. Nevertheless Napoleon I. ordered it to be pul}lished, 
with a translation facing the text; but the publication, though begun, 
I Translated from the Revue d('s Deux j"fondes by J. Fitzgerald, A. M. 
2 "II Processo Originale di Galileo GaIilci, pubblicato per la prima. volta," Roms, 
18'16. 
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was not continued: only the beginning of the work was then known, 
and <;>f this Dehmlhre, the astronomer, gave an account to the ItaHan 
VenturÍ. 
In December, 1814, according to the Duke de Blacas, the private 
library of Louis X\
III. received the entire 1\18. in the same condition 
in whic
 it had been found by the imperial government in Italy, and 
thence carried to France. During the early years of the Restoration, 
active negotiations were carried on by the court of Rome witb the 
French Government, to secure the return of these important docu- 
ments. The Government, though it did not positively refuse to comply, 
nevertheless delayed and procrastinated. It was not until 1846, after 
thirty-two years of negotiation, that the JHS. was sent back to Home, 
at the instance, no ùoubt, of Rossi, who himself l)resented it to Pius 
IX., in behalf of Louis Philippe. By the pope it was restored. in 
December, 1848, to the secret archives of the Vatican, and there it still 
remains. 
All that was known of this 1\IS. before the IJublication of Berti's 
work rested upon a selection of documents published at Home in 
1850, with many precautions, by 1\10nsignore :Marino :Marini, sOlnetime 
Prefect of the Secret Archives of the Holy Bee, and upon a larger 
work, in some respects inexact, and in others imperfect, l)ublished in 
Paris in 1867, by I-Ienri de l'Épinois. Both of these writers take 
special points of \.iew: they appear to be more intent upon justifying 
the jnùges that conùemned Galileo thall upon laying bare the whole 
truth with the boldness and freedom of an historian. IIence we can 
appreciate the motives which led them to publish only a portion of 
the :MS. though the whole of it was in their hands. Diù the court of 
nome really suppose that these two publications contained all the 
documents pertaining to the double trial of Galileo, or did it think that 
the time had come for no longer hiding anything from the public? 
IIowever that lllay be, at all events Domenico Berti, in February, 
1870, was permitted to examine the JHS., and even to coVy it at his 
leisure in the room of Father Theiner, who had been officially author- 
ized to intrust it to him. The present publication, therefore, was not 
procured by fraud, and, if the Holy See should have any occasion to 
regret it, at least it could neither dispute its authenticity, nor complain 
that the work was done without its consent. 


I. 
The interesting history of the travel.') and of the final destiny of 
the Yatican MS. is merely the preface of a far more important history, 
whose events we will endeavor to record impartially, 'with the sole 
purpose of unveiling and bringing to light the truth. Galileo, cele- 
brated from his early years for the value of his discoveries and the 
brilliancy of his lectures at the University of Padua, loaded with 
honors at Venice and at Florence, and admired throughout all Italy, 
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was pursuing the course of his great researches with the boldness of 
a man confident of his strength and of Lis fame, when certain slight 
indications no doubt warned him that it would not be disad vantageous, 
if he wouhl carryon his researches in safety, to win the favor of the 
Sacred College. Accordingly he set out in 1011 for the Eternal City, 
without confesset1 misgh-ing, but with the ambition and expectation 
of interesting the most influential personages of the Roman court in 
his discoveries. He was nearing the decisive moment of his career. 
lIe had not as yet been disquieted by tbe objections of the theolo- 
gians, though in prosecuting his studies of the constitution of the 
universe he was touching upon delicate questions which he could )Jot 
expect to be permitted to discuss freely, without having first gained 
the sympathy, or at least the neutrality, of the Church. The court of 
Rome at th:1t time exercised. such moral authority in Italy, and es- 
pecially at Florence, where Galileo resided, that people in some sense 
waited for her decision before they would accept the best-established 
conclusions in astronomy. The Grand-duke of Tuscany could not 
but be pleased at the discovery of J upite.r's satellites, announced in 
the" Sidereus N unci us ;" and he was all the more ready to believe, 
because these new heavenly bodies had received his family name: yet 
his own secretary had to admit that the discovery would never receive 
the unanimous assent of the learned world until it was approved and 
verified at Rome. There sat the Roman College, a l'egular tribunal, 
scientific as well as tbeological, whose decrees were law in Catholic 
countries. 
Galileo, who was a man of rare good sen::;e, and perfectly con- 
versant with the ways of the world, had in ad \ranCe formed at Rome 
the best and the most powerful of relations. Besides, he came there . 
in a sort of offici:11 capacity, at the grand-duke's charges, and he was 
entertained. there by the Tuscan embassador. Prelates, cardinals, 
princes, vied with one another for the honor of offering .fêtes and ban- 
quets to the most illustrious representative of Italian science. At the 
palace of Cardinal Bandini, in the beautiful gardens of the Quirinal, 
in the villa of the l\Iarquis Cesi on the summit of the J aniculan, 
Galileo delighted a society of éUte by baving them contemplate, 
during the serene nights of Ap
i], the vault of lleaven through the 
teleicope which he haa recently invented, and which bears his name. 
lIe awakened a genuine enthusiasm one day when, after dinner, he 
pointed his telescope toward St. John of Lateran, three miles distant, 
and enabled the guests to read the inscription upon the façade of 
that basilica. 
IIis arguments did not eqnal1y convince all of those who were pres- 
ent at his astronomical observations, and who listened to the explana- 
tion he gave òf the movement of Jupiter's four satellites, the inequali- 
ties of the moon's surface, and the phases of Venus and Saturn, and to 
the discussions he carried on with those who opposed his views. IIis 
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doctrine implied the confirmation of the system of Copernicus and 
the demon
tration of the earth's motion, which were uo longer re- 
served for mathematicians only, but made intelligible to aU by a 
series of experiments. Here was an innovation calculated to alarnl 
the theologians. A system that might be regarded as inoffensi ve so 
long as it was only a mathematical hypothesis, useful to men of science 
in their researches, became a very different thing on being transformed 
into a physical truth accessible to the senses and pregnant with conse- 
quences touching the plurality of worlds and the aim of creation. 
lIenee the apparent triumph of Galileo hid from view perils the mag- 
nitude of which at first eluded his penetrating mind. 'Vhile he was 
giving himself up, with perhàps over-much confidence, to the pleasure 
of success, and was yielding too eal:!ily t.o his habitual temptation to 
answer objections with sarcasm, the ecclesiastical authority quietly 
set ou foot an inquiry into tbe orthodoxy of his opinions. Cardinal 
Bdlarmin, probably in the name of his colleagues of the Inquisition, 
asked of the members of the Roman College (without mentioning 
Galileo's name) what was to be thought of the astronomical observa- 
tions that had recently been promulgated by a distinguisbed mathe- 
ma tician. 
This is the first symptom that we have been able to discover of the 
intervention of theology in the examination of Gali1eo's scientific opin- 
ions. The response of the Roman College was favorable to him; but, 
from tbat moment forward, the alarm was sounded, and the Inquisition 
never lost sight of him. Though the sovereign pontiff, to whom he was 
presented by the Tuscan embassador, received him with great cour- 
tesy, not allowing him to utter even a word on bended knees, yet the 
lIoly Office, even before he had quitted Rome, inquired of the tribunal 
at Padua whether, in the action brought against Cesare Cremonini for 
certain philosophical indiscretions, there might not be Eomet}JÌng to 
compromis(' Galileo. A direct personal attack, inspired by an over- 
weening zeal, quickly foHowed these early suspicions. On his return 
to Florence, Galileo took up his labors afresh in the pleasant solitudes 
of the Belvedere, placed at his service by the kind hosl)itality of the 
grand-duke; there he receiyed his friends and pnpils, ,vbo, on depart- 
ing from these conversaziones, propagated his doctrines. At this a 
Dominican friar, Thomas Caccini, took urn In"age, :omd, in a sermon 
delivered at Santa l\laria N uova on the miracle of Joshua, he suddenly 
exclaimed, "Viri Galileei, quid staas aspicientes in cælum?" The 
friar doubtless had heard cf a conversation held at the court in pres- 
ence of the grand-duchess dowager Christine of Lorraine, and the 
..t\.rchduchess l\ladeleine of Austria, in the course of which Father Cas- 
telli, a pupil of Galileo, had endeavored to prove, to the great satis- 
faction of his hearers that one miO'ht be!ie\Fe in the earth's motion 
, b 
without questioning tIle authenticity of J oshna's miracle. Upon this 
subject Galileo addressed to his pupil a famous letter, in which he 
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precisely set forth the rights of science, at the same time asserting for 
religion its own. IIm.e, according to him, arc two separate domains, 
which are not rashly to be confounded. 
"The IIoly Scripture," said he, "can neither lie nor err, but it 
needs to be interpreted; for, were we to insist upon the literal sense 
of the words, we should find not only contradictions, but heresies and 
blasphemies; we should have to gi\
e to God hands, feet, ears, to sup- 
pose him subject to like passions with men-to anger, remorse, hatred; 
and, again, to hold that .he forgets the past and is ignorant of the 
future. . . . Inasmuch as the Bible constantly requires interpretation 
to explain how very different the true sense of the words is from their 
apparent signification, it appears to me that it should be quoted in sci- 
entific discussions only as the last resort. In truth, Holy Scripture and 
Nature both come from the Divine 'V ord, tbe one being the dictation 
of the Holy Ghost, while the other is tbe executor of God's decrees; 
but it was fitting that, in the Scriptures, the language should be 
adapted to the people's understanding in many things where the 
appearance differs widely from the reality. Nature, on the other 
hand, is inexorable and immutable; she is not at all concerned 
whether the hidden reasons and means through which she works are 
or are not intelligible to man, because she never oversteps the limit 
of the laws imposed upon her. IIence it appears that when we have 
to do with n
tural effects brought under our eyes by the experience 
of our senSBS, or deduced from absolute demonstrations, these can in 
no wise be called in question on the strength of Scripture texts that 
are susceptible of a thousand different interpretations, for the words 
of Scripture are not so strictly limited in their significance as the phe- 
nomena of Nature. . . . I therefore think it would be wise to forbid 
persons from using texts of Holy Scripture, and from forcing them, 
as it were, to support as true certain propositions in natural science, 
whereof the contrary may to-morrow be demonstrated by the senses 
or by mathematical reasoning." 

rhis noble letter, the moderation of which wouh.l nowadays be ad- 
mitted by every theologian, but which then gave out a dangerous odor 
of novelty, no doubt passed from hand to hand, was read by ill-dis- 
posed persons, pcrhaps fomented the agitation produced by Caccini's 
vehement assault, and furnished to another Dominican, Niccola Lorini, 
an opportunity of denouncing Galileo to the Congregation of the Holy 
Office. " IIere," said the informer, " are propositions that 8cem to be 
suspect and rash, opinions that contradict the text of the IIoly Script- 
ure. Besides," he added, "Galileo and his disciples speak with little 
r(
spect of the fathers of the Church, of St. Thomas of Aquino, and of 
Ar;'stotle, whose philosophy has rendered so much scrvice to the 
scholastic theology." The Inquisition, though tJearch was made, was 
unable to procure the original of the letter, for Castelli had given it 
back to hi
 Inaster, and he prudently refused to part with it. The 
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inquisitors contented themselves with an examination of the copy sent 
by Lorini, in which they discovered a few ill-sounding phrases, but, on 
the whole, nothing clearly contradictory of the language of Scripture. 
Still they continued to note the words of Galileo; they qu.estionéd 
two Tuscan ecclesiastics about the s})eeches that he might have uttered 
in their hearing; they scrutinized the letters he had Imbliðhed on the 
subject of observing sun-spots. 
Galileo, though quite ignorant of the strict watch kept on him by 
the Inquisition, had a vague apprehension Qf imminent danger. To 
ward it off, he adopted the expeqient of .going ag3in to Rome in 1615, 
and of pleading his cause in person in the quarter where a successful 
defense was most to be desired. It has been asserted that Galileo 
-was summoned before the bar of the Holy Office, but they who so assert 
are in error as to the date; it was not till a much 1ater period, viz., 
the beginning of his second trial, that he was ordered to appear in 
Rome. On the present occasion he went of his own accord, no longer 
l)ossessed of the fearless assurance with which he made his first jour- 
ney, yet confidently hoping tlJat he would disarm his opponents by 
the clearness of his explanations. Perchance he rested his expecta- 
tion of convincing them as much upon the graces and charms of his 
wit, and the personal attractiveness which won for him all hearts, as 
upon the strength of his arguments. 
Besides, he had taken more pains than even he did in 1611 to pre- 
pare the ground: he bad, in urgent letters, rekindled the zeal of bis 
friends, and had again obtained for himself all the external tokens of 
the official protection of the grand-duke. As before, he went down to 
the embassador's palace, tlJe villa of the Trinità de' :Monti, wlJere 
now the Academy of France has its seat, and, the day after his arrival, 
went into the country. 'Vhat with detailed explanations made in tbe 
pres('nce of numerous auditors, keen and li\'ely disputations in which 
he plainly showed the weakness of his oppûnents, frequent visits to 
distinguishecl personages, brief tractates in wbich he demonstrated 
the truth of the Copernican system, he omitted nothing that could 
influence in his own favor those currents of ol)inÌoI1 which judges 
themselves cannot withstand. 
Unfortunately for Galileo, the tribunal of the Inquisition was but 
little affected by external influences; it imposed laws on opinion, and 
took no advice from it. Trle members of the Holy Office, heedless of 
the stpps taken by the illustrious astronomer, and of the ardor with 
which his ideas were espoused by a portion of Roman society, went 
on quietly with their work. In examining tbe letters on the sun-spots, 
they found therein two propositions worthy of censnre. On tbe 24th 
of Fehruary, 1616, they unanimously pronounced it absurd and hereti- 
cal to assert that the sun is motionless, and that the earth revolves. 
The sovereign pontifi' immediately ordered Cardinal Bellarmin to sum- 
nlOn Galileo, and to have him promise that he would no longer uphold 
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a proposition condemned by the Church. "If he refuses to obey," 
said the pontifical letter, "the Father Commissary, in the presence of 
a notary and witnesses, shall enjoin him absolutely to abstain from 
teaching that doctrine and that opinion, from upholding it or even 
speaking of it; in case he does not comply, he.shall be cast into jail." 
Accordingly, on the 26th of Fcbruary, 1616, Cardinal Bcllarmin, in 
the presence of the commissary-general of the IIoly Office and two wit- 
nesses, invited Galileo to renounce the two condemned IH'oposition
. 
After Bellarmin, the commissary-general again intimated to him, on 
behalf of the pope and the entire Congregation of the Holy Office, 
the formal order no longer to uphold, teach, and defend this opinion, 
whether by writing, by word of mouth, or in any manner whatso- 
ever; if he failcd to comply, he was to be prosecnted by the Holy 
Office. Galileo promised to obey/ On the 5th of :\Iarch following, 
the Congregation of the Index condemned the work of Copernicus 
until it should be corrected. 
From these authentic facts it results that a certain numher of 
modern historians are deceived themselves, or would deceive us, 
wben they insinuate that the Holy Office meant to condemn, not the 
system of Copernicus, but Galileo's theological interpretations of it. 
There was no question whatever about theological interl'retatiol1f'. 
In neither Copernicus's book, nor in the letters on the sun-spots, is 
there a \Vol'Ll, a single phrase, in which the Holy Scriptures are 
interpreted. If here and there in his correspondence Galileo, out of 
respect to religion, endeavored to reconcile the data of science with 
the text of the Bible, he never published these explanations. It was 
not upon these private manuscript documents that he was tried, ana 
the only document that furnished a basis for the charge was a printed 
work, purC'ly scientific in character, and having nothing whatever to 
do with theology. By no manner 0" argumentation can the fact he 
negatived that a tribunal of theologians constituted itself a judge in 
a question of science, and decided it as an authority decides. The 
Holy Office diel not forbiLl receiving and teaching the doctrine of 
Copernicus, on the ground that it was uot yet demonstrated, as some 
of the apologists of the Holy See would have us believe; they would 
not permit it to be demonstrated.; they pronounced it in advance 
to be "absurd, heretical, contrary to the text of the Scripture." Such 
is the whole truth about Galileo's first trial, and Domenico Berti sets 
it forth with much dialectic vigor. 


II. 
Galileo once reduced to silence by the act of suhmis
ion to which 
he had subscribed, the object of the Inquisition was attainetl. No 
I In a work entitled" Ga1iJeo Ga]ilei unù die Rijmi"che Curie" (Stuttgart, 1876), Het.r 
yon Gebler disputes the authenticity of the document which states these fact,:;. Berti 
makes a victorious reply to him. 
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useless rigor followed the first procedure. Provided that the culprit 
spoke no more about the motiOn of the earth, the court of Rome 
would like nothing better than to make tbe most of a great mind that 
for a moment had gone astray, but whose genius and whose scientific 
fame were intact. After the trial, Galileo remained. three months in 
Rome, and was kindly received by the sovereign pontiff. In fact, 
the rumor having spread that be had beeu punisbed by the Holy 
Office and obliged to retract and to ùo penance, he obtained from 
Cardinal llellarmin a certificate to the contrary effect. All that was 
done, said the cardinal, was to forbid him defending or upholding the 
system of Copernicus. 'Vhat aävantage could it hav{> been to drag 
Galileo down from the high position he occupied in the world's 
õpinion? It was enough, for tbe purposes of bis juòges, if they could 
shut his mouth. 
In this they supposed they had succeeded, but here they failed to 
take account of the overmastering impulse to propagate truth, which 
is tbe very essence of scientific genius. · Galileo could neither erase 
from bis mind a belief that rested on a demonstration, nor refuse to 
employ it in advancing to fresh discoveries, nor abstain from speaking 
of it with those who consulted him with regard to their own astro- 
nomical labors, or took an interest in his. In his retirement at the 
Belvedere, where, since his return from Rome, he led a more secluded 
life than ever, he received, as in former times, numerous visits, nearly 
all prompted by the love of science. fIe was still the recognized and 
admired head of the srientific movement in Italy. "Thy should he 
not converse about the cardinal proposition of the earth's motion with 
the young savants who came to ask his advice and to receive bis 
instruction? A distinguished Italian narrates how, having spent a 
few days with bim, after the close of his first trial, he heard from 
Galileo's mouth the exposition .of the Copernican system, was con- 
verted to his ideas, and himself then conyerted Campanella to that 
doctrine. 
IIence the submission of Galileo was only apparent. Later he was 
justly charged with baving broken his promise. Still, he avoided 
compromising llimself publicly, and in his first work, "II Saggiatore," 
which is a model of keen, clever irony, he hardly ventured to write 
anything touching on the system of Copernicus. Presently the elec- 
tion of a new pontiff inspired him with the hope that the court of 
Rome might relax its rigor. Urban VIII., of the family of Barberini, 
was a Florentine, a lover of letters, well disposed toward the Academy 
of the Lincei, and especially friendly to Galileo, to whom he had 
addressed, while yet a cardinal, some verses conceived in a vein of 
eulogy. Galileo went to Rome to see him, had six long audiences 
with him, was presented by him with a picture, medals, agnus deis, 
and a pension for his son, and doubtless talked with him about the 
great subject which filled bis mind. We can only gu
ss at what was 
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said by the two friends: Borne authors assert that Urban VIII. then 
inclined toward the Copernican system; others, on the contrary, say 
that he demonstrated to Galileo the impossibility of maintaining the 
theory of the earth's motion. The truth is, that we know nothing 
about the matter; neither the pope nor the astronomer has given out 
anything about the nature of their conversations. Perhaps even, as 
we shall shortly see, they believed that they coult1 agree, while differ- 
ing from one another widely. 
At all events, it seems that, dating from the accession of Urban 
.VIII. to the pontifical throne, Galileo felt more free to touch anew 
upon the forbidden subject, under a different form. Was this the 
result of an overweening confiùence in the friendship of the sovereign 
pautiff, of a too favol'able interpretation of some friendly speeches, or 
of the impossibility of being silent while Ifepler was speaking boldly 
outside of Italy, while on Italian soil one was constantly harassed by 
ignQrant opponents, and, though one's hand were full of truths, one 
durst not open it and rout them. The" Dialogues on the Two Great 
Systems of the Universe," which were destined to bring Galileo into 
so much troubl{', show that, in writing them, he stood between the 
conflicting influences of a strong desire to speak and the fear of com- 
promising himse1f. lie rather insinuates his ideas with true It.alian 
finesse than puts them forth boldly. lIe does not defend the Coperni- 
can system, but expounds it. I-Ie even takes the precaution of stating, 
in a preface, the rough draft of which had been sent to him from 
Home, that the true aim of his work is to show that in Italy ideas are 
110t condemned unknown, and that nowhere is this delicate matter 
better understood than in Italy. lIe carefully avoids drawing con- 
clusions: the personage whom he introduces as the representative of 
the doctdne of Ptolemy and as the defender of the belief in the 
earth's immobility, though clad in the strongest dialectical coat of 
mail, and though driven to hiH last ditch by the keen raillery and the 
copious logic of his interlocutors, replies to them unmoved: " Your 
arguments are the most ingenious that can be conceived, but I con- 
sider them to be neither true nor conclusive." Father Riccardi, 
1\laster of the Sacred Palace, whose business it was to examine 
Galileo's manuscript, suffered himself to be half-way won by these 
exhibitions of innocence, and gave a permit for the work to be 
printed, though not without resistance. lIe afterward protested that 
he had been deceived by the author, and that some of the conditions 
on which he had granted the ÙnprÏ'matur were not fulfilled. At 
first it waR agreed that the" Dialogues" should be pril
ed at Rome; 
but at the earncst entreaty of Galileo leave was granted to have the 
work done at Florence, where it would involve lcss trouble and 
cost to him, and where, above all, he could more easily evade the 
surveillance of the Sacred Palacc. In this negotiation Ga1ileo dis. 
played a fecundity of resource and a force of will that show how 
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important be considered the publication of bis work to be. The chief 
fruit of his address was that he escaped a second revision of the text, 
wbich would have been made at Rome had the 'work been printed 
there. Galileo chose rather to deal with the inquisitor at Florence, 
to wholn Father Riccardi bad delegated his })owers, but who, doubt- 
less at the solicitation of the grand-duke, exercised these powers 
with less rigor than would have been used at the Sacred Palace. "... e 
can imagine the wrath manifested by the court of Rome; in fact, 
despite all its finesse, it had been outwitted by an Italian shrcwder 
even than itself, by a fellow-countryman of l\lacchiavelli. 
'V ould Galileo have been so eager for the publication of his work, 
if be had foreseen the dangers to which he exposed himself by pub 
lisbing it? The sovereign pontiff, immediately upon recC'ipt of the 
book, in the beginning of August, lü32, was highly incensed, charged 
Galileo with having made an unhandsome return for his kindness, and 
would on the RpOt have referred the author and the book to the trio 
bunal of the Holy Office, had he not been restrained by the importu 
llities of the embassador Niccolini, and his fear of offending the 
Grand-duke of Tuscany. "Galileo," said Urban, "has not actcd with 
out delibération, has not sinned through ignorance; he was perfectly 
well aware of the difficulties of the case, for I myself have made them 
clear to him." These expressions of dissatisfaction on the part of the 
sovereign pontiff would seem to show that, in the interviews of which 
we have spoken, the two friends had touched on the delicate question 
of the earth's motion, and that, by a !HOCeSS of self-illusion quite nat- 
ural under the circumstances, each had supposed he had convinced the 
other. The pope was angry at Galileo, as at one in whom he had for 
a long time mistakenly reposed confidence-as though a fr
ud had 
been practised upon him; this feeling, which had broken the bond of 
their old friendship, explains the harshness with which Urban treated 
the friend of his youth. Nor had Galileo been less mistaken with 
regard to the disposition of the pope's mind. He flattered himself 
that he should find in him an indulgcnt judge of his astronon1Îcal 
theories, while in point of fact lIe was wounding "Grban in his most 
sacred convictions. Had he known that the pope was so opposed to 
the system of Copernicus, doubtless he never would have braved the 
wrath of one whose power was unlimited, or affronted a tribunal from 
which thm'e was no appeal. 
On receipt of the" Dialogues," Urban instructed a commission to 
examine the book and report to him. As soon as the report came into 
his hands, he 
ommanded the inquisitor at Florence to communicate 
to Galileo a formal sunlIDons to appear in October before the commis- 
sary-general of the Iloly Office in Rome. Galileo, then seventy years 
of age, and suffering from hernia, asked the authorities to take into 
consideration his age and his malady, and to dispense him from the 
journey. The Grand-duke of Tuscany interceded for him. But 
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Urban would listen to nothing; fearing lest he should Le deceived, 
as he believed he had been before, he would permit no delay. He 
would not even believe the testimony of three physicians who attested 
the reality of Galileo's malady; he sent the inquisitor in person to 
him, with orJers to arrest and bring him in irons to Rome, if he was 
founel to be in a condition to bear the journey. Poor Galileo had taken 
to his bed, and, as was said by one of his friends, "he was more in 
danger of going to the other world than to Home." lIe was not in a 
condition to be removed until January, 1633. The good offices of the 
Grand-duke of Tuscany attended him to the presence of his juàges, 
and there the friendship of Niccolini accompanied him-weak succor
 
these in the face of such powerful adversarIes. At first the embas- 
sador's palace was appointed as his plac(\ of confinement, and he was 
commanded not to leave it; he went out only in order to submit to 
the interrogatories proposed to him by the Holy Office. 
On the 12th of April he. was interrogated for the first time. To 
begin with, he was asked if he remembered what took place in 1616, 
when he had to appear before Cardinal Bellarmin and the commissary- 
general of the Holy Office. Galileo admitted having heard it declared 
on that day that the system of Copernicus could not be maintained 
or defenc1ed, as being contrary to the 1101y Scriptures. "It may be," 
he added, "that at the same time I myself was fòrbidden to maintain 
or defelH.l that opinion, but I do not recollect, it is now so 10ng ago." 
"\VThatever may be the interest now taken in a case so bound up with 
the question of the freedom of thoüght, it is not easy to believe with 
Berti that Galileo replied to this first interrogatory with entirely good 
faith. \Vhen a prohibition is issued in terms 80 formal as those we 
have given, upon so definite a point, neither the form nor the sub- 
stance is eveI' forgotten. Ambiguity was out of the question after 
Bellarmin's warning, and still more after the solemn injunction of the 
commissary-general. Domenico Berti is in error with regard to the 
psychological conditions of memory where he says that it must have 
been easier for Galileo to recollect the conciliatory words of Cardinal 
Bellarmin than the threats of the commissary-general. On the con- 
trary, what strike8 one most under such circumstances, what impresses 
itself deepest ill the memory, is the threats. IIow could. anyone for- 
get words so simple, so clear, so menacing, as these: " You are for- 
bidden to maintain this opinion, to wach or to defend it, whether by 
writing or by word of mouth, or in any other manner whatsoen.>r, el!'e 
the I-Ioly Office will take information against you! " These last words 
in particular must have buried themselves like an arrow in the memory 
of Galileo, nevermore to come out. lIe knew all too well what ho 
hall to fear from the Inquisition ever to forget on what conditions that 
tribunal agreed to take no further cognizance of him. The silence he 
kept in pu11ic Îor sixteen years upon the forbidden subject, and even 
the care he took in his" Dialogues" to give to his thoughts an in- 
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offensive turn, might serve as evidence of the faithfulness of his 
memory. 
The fact is, that the reason of Galileo's taking up his pen again 
to treat a forbidden subject was not that he had forgotten' the formal 
prohibition. lIe might have made answer, with gt"eat frankness, that, 
though he bad been ordered to hold his peace, yet he bad not been 
convinced, and that, after so many years of silence, the need of I,ro. 
claiming the truth had more power over him than the fear of disobey 
ing. But it was not for a mind so subtile, nor for a character so wary 
as that of Galileo, to be tied down to a categorical declaration, and so 
to shut every portal of escape. .lIe chose rather to use evasions with 
his judges, to plead extenuating circumstances, to produce the impres 
sion that he might have misunderstood, but that he had not acted 
with evil intent and with 11Ïs eyes open. Even while undergoing the 
first interrogatory, IJe was still in hopes of finding in the sovereign 
pontiff some remnant of friendship, or, at least, of good-will; and this 
was another reason why he made an evm
iYe reply, and did not .com 
promise himself by an explicit admission of his offenses. lIe appears 
to have believed, at this first session, that it would be possihle for him 
to have a private interview with the holy father. Being questioned 
as to what had been said to him by Cardinal Bellarmin in 1616, he 
replied that some of the details of their conversation he could intrust 
only to the ear of the sovereign pontiff. This plainly was a request 
for an interview with Urban. Ilis judges seemed not to understand 
him, or, if they carried his words .to the holy fatlwr
 they obtained 
from him no favorable answer; but, in the course of the trial, it be- 
came evident that Galileo could expect neither indulgence nor com- 
miseration from his old friend. 
All of Galileo's answers at the first intel"rogatory pre.sent the same 
character of ambiguity. On being asked whether, before he begged 
of Father Riccardi license to print his" Dialogues," he had informeò 
the master of the Sacred Palace of his having previously been for- 
bidden to treat certain subjects, his reply was that he had not men- 
tioned that to Father Riccardi, " for he did not tl1Ïnk it necessary to 
do so, having no scruples, nor having supported or defended in his 
book the opinion of the earth's motion and the stability of the sun." 
It is not altogether certain that, by thus altering the truth, Galileo 
choRe the best line of defense; probably a little more of frankness 
would have served him better. He was simply trifling with his judges 
and taking them for fools, when he tried to nlake them belie-ve tl1at, 
in his" Dialogues," his purpose had been to demonstrate the" weak- 
ness and insufficiency" of Copernicus's arguments. The disguises in 
which the author clotlles his thoughts fail to deceive the thoughtful 
reader. Throughout the work, the defender of Ptolemy's theory, 
Simplicio (in whom it has been wrongfully supposed that some of the 
traits of Urban VIII. may be found), is overthrown by his opponents' 
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arguments, and made an object of ridicule by their irony. Surely, it 
was imprudent on the part of Galileo to deny the evidence, thus giv- 
ing to his defense the appearance of double-dealing. 
Nor did the resort to this course deceive anyone. The three 
judges who had questioned him unanimously declared that in his book 
he had contravened the injunctions of Cardinal Bellarmin, and the 
decree of the Congregation of the Index. Two of them added that he 
was gravely suspect of adhering to the doctrine of Copernicus. After 
the clot:ìe of his first interrogatory, he was removed to the palace of 
the IIoly Office, and there hè occupied a chamber in the sleeping-apart- 
ments of the wardens, with an expres8 prohibitIOn of going out with- 
out leave. Here he had long and frequent interviews with Father Vin- 
cenzo l\facolano, commissary of the Holy Office, an educated man of 
kindly disposition, and a friend of the grand-duke and of the Tuscan 
embassador; Father 
Iacolano took it upon himself to warn Galileo 
of the dangers of the situation, and to aid him with his counsels. 
First of all, he induced Galileo to submit without reEerve, to admit 
his offenses, and to repent. " I made his error patent to him," wrote 
the father commissary, at the close of one of their interyiews; "he 
clearly sa w that be had made a mistake, that in his book he had gone 
too. far, ana he expressed to me his regret in words full of feeling, as 
though he drew comfort from the knowledge of his error, and was 
thinking of confessing it judicially; he only asked of me a little time 
to consider how he might best word his confession." Father l\laco- 
lano then looked for a speedy ending of the trial, ana a less severe 
sentence. "When once we have Galileo's confession," said he, "the 
reputation of the tribunal will be safe, and the accused can be treated 
with indulgence." Evidently he expected that the case would not be 
carried beyond the first stage of inquisition, and that it would termi- 
nate by a special form of interrogatory, known as the" interrogatory 
with regard to the intention." 
If things were pushed further than the commissary of the Holy 
Office either wished or expected, the blame does not rest with the 
accused, who, once warned, immediately resolve!! to. submit. On 
", being interrogated again on the 30th of April, Galileo confessed that, 
without meaning it, he had presented too forcibly the arguments in 
favor of the system of Copernicus, his intention all the while being to 
refute them, and that thu
 he might have led the public into error. 
He declared that he was" ready to refute the opinion of Copernicus 
by all the most efficacious methods that God might place within his 
power." These words, no doubt dictated to him Ly the humanity of 
the father commissary, had the effect of procuring for him some measure 
of liberty. That very evening he was sent back to the palace of the 
Tuscan embassador, so that there he might receive such care as the 
state of his health required. 
We mnst not forget that to the humiliation of repudiating his 
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most cherished o})illions, of bdying his own thoughts, and of seeing 
himself treated as a criminal after he had, by his labors, done 
honor to his country and to mankind, were added physical sufferings 
of the most grievous kind. It is impossible to read without emotion 
the appeal he addressed to his judges at the end of his written defense: 
"It remains for me to urge one final consideration, viz., the pitiable 
state of bodily indisposition to which I have been reùuced by inces- 
sant mental agony during ten whole months, together with the hard- 
ships of a long and toilsome journey, in the most inclement weather, 
at the age of threescore years and nine. . . . I confide in the mercy 
and goodness of the most eminent seigniors who are my judges, and I 
hope that if, in the integrity of their justicp, they think that so great 
sufferings lack anything to make them equal to the punishment that 
IllY offenses deserve, they will be pleased, at IllY entrpaty, to I.emit 
the difference in consideration of the failing strength of myoId age, 
which I humbly commend to them." . 
Among the hitherto unpublished documents contained in Berti's 
work there is one that is of the highest importance. This is a sum- 
nlary of the case, giving an enumeration not only of what was decreed 
but also of what was done. After reading a text so clear and so unam- 
biguous on all points save one, wbile on tbat one it agrees perfectly with 
other authentic documents, we no longer find ground for supposing it 
was only on paper that Galileo was threatened with the torture, and 
forced to make abjuration. A decree of the pope, dated June 16th, 
ordains that instead of a simple" examination as to intention," such 
as the commissary of the Holy Office had expected, an interrogatory 1 
sbould be bad with the threat of torture, if the accused could stand it; 
he is ordered to make abjuration, and condemned to imprisonment 
according to the good pleasure of the congregation. This decree was 
not, as has been supposed, a simple declaration designed to sustain the 
reputation of the tribunal for seyerity, while the culprit was treated 
leniently; on the contrary, it was executed literaJly, as is shown by 
the agreeluent of the documents concerning this portion of the trial. 
On being interrogated for the last time on the 21st of June, Ga1- 
ileo was ordered to state whether he then held or ever had held the 
opinion that the sun is the centre of the world and that the earth 
moves. He humbly replied that ever since the decree of the Congrega- 
tion of the Index, in 1616, he had always held and still. did hold the 
opinion of Ptolemy to be "most true and unquestionable." This reply 
not appearing to be satisfactory, the father commissary insisted on 
knowing the truth, and wound up by declaring that, if the whole truth 
were not stated, recourse would be had to torture. "I am here in 


1 AUTHOR'S NOTE.-'Ve interpret three obscure words in the pontifical decree, ac si 
sustinUel"it, in the sense given to them by Berti. Th. IIenri Martin gives a different 
translation, not without good reasons. The matter is one that will bear discussion. It 
is sliB undecided, even after the publication of the documents. 
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order to obey," replied Galileo, with some show of terror. The text 
of the sentence shows that he was treated more rigorously yet. "In. 
as much as it appears to us that you have not told the whole truth as 
touching your intention, we have decmed it necessary to re::,ort to 
the exam,en rigorosum." N ow, in the language of the Inquisition, 
examen ri[Jorosum means just the torture and that alone: it is the law. 
term approved by jurists and regularly employed in sentences which 
condemn the accused to the cruel punishment of die strappado. "In 
case the accused," say the treatises on inquisitorial law, "does not clear 
him5elf of the charges, recourse is to be had to the c
cctmen ri[Jorosum, 
torture having been devised to supply the want of witnesses." In 
two manuscripts of the first Jutlf of the seventeenth century, both of 
them relating to the forms of proceùure of the Holy Office, the ex- 
pression eæam,en rigorosuJn is pointed out as the formula to 1e em- 
ployed by judges in ordering the application of torture. 
From the text of the sentence, from the pontifical decree already 
quoted, and from the summary of the acts of the trial, we might infer 
that Galileo was actuaHy subjected to torture, if among the documents 
we found the official record (procès-ve'rbal) of the examen ri[J()'j"osum, 
as we find the official record of the previous examinations. The rule 
of the Inquisition was ever the same: the notary or registrar of the 
lIoly Office was present at all interrogatories, and took down carefully 
the words of the sufferer; all the details of the ex(tn1.en ri[Jorosurn 
were recorded in a register, from the first intimation to the accused 
that he was to be taken to the place of punishment, down to the 
moment when he was released from the torture. On looking over the 
records of these dread sessions, we find all the words spoken by the 
sufferer while his clothes are being taken off and while he is being tied 
to the instrument of torture; all the replies he makes to his judges, 
all his pleas; every movement he makes is noted with cold prC'cision, 
nay, even his sighs, his groans, while under the torture. "lIe was 
hob;ted by the rope," calmly writes the notary, "and while sus- 
pended he would cry out in a loud yoi.ce, '0 Lord God, have pity! 
o Our Lady, help me! ' repeating these words again and again. Then 
he was silent, ana having fór a little while thus held his peace, he 
hegan again to cry out, '0 GoLl, 0 God! ' " 
If Galileo had been subjected to this mode of trial, the jJ'rocès-rer. 
bed of the proceedings would ccrtainly have been preserved along 
with the other. records of the ca
e. But, then, might not the eæamen 
ri:;oi"oswn have taken place in the absence of the registrar; or might 
not the regi
trar, though he was present, have omitted to make a rec- 
ord? Both of these suppositions appear to be equally inadmissihle, 
for they are in flat contradiction to all tbe precedents and all the 
rules of tbe tribunal. K either can we suppose tbat the :lgC'nt of the 
Holy Office suppressed the procès-verbalof the torture in or...1er that 
both he and his principals might escape the indignation of po!'terity. 
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This were gratuitously to transform an obscure, an irresponsible per- 
sonage into an humanitarian philosopher who is ages ahead of the 
thought of his time and who purposely destroys a sorrowful page of 
history. The most probable account of what took place woul
 be this: 

t\.ccording to all the treatises on inquisitorial law, the commissary was 
authorized not to inflict torture on aged men, or on persons suffering 
from disease, who might die under the punishment. The advanced 
age of Galileo, and his infirmities, aggravated as they were by so much 
mental suffering, naturally placed him in the category of culprits who 
were not subjected to torture. If lIe was spared that dreadful inflic- 
tion, Berti gives all the credit to the humanity of the father commis- 
sary; he even appears to think that, but for the kindly intervention 
of Father 3Iacolano, tbe sovereign pontiff and the Congregation of 
the Holy Office would bave given over Galileo to the executioner. 
Let us be more fair. It would be a libel on IT rban VIII. to rep- 
resent him as thirsting for the blood and pleased with the sufferings 
of his old friend. The pontifical decree of June 16th has this important 
proviso regarding the employment of tort(lre, that it should not be 
used unless the accused could endure it. 'Vhen he expressed himself 
thus, the sovereign pontiff was perfectly well aware that Galileo 
could not stand such a trial, and he consented beforehand, without 
needing to be entreated by the commissary, to the omission of the 
torture. 1'Vhat, indeed, would have been the use of such extreme 
rigor? Urban did not desire the death of the culprit; he wanted to 
make certain that Galileo would never more Rpeak or write about the 
question of the earth's motion; and it was in order to so strike }1Ïm 
with terror as to insure his silence that of an the agonies of the trial 
he saved him only from the last-the only one that would have been 
of no use. The pope was not so cruel as Berti thinks, but neither did 
he give any sign of that compassion and indulgence toward the ac- 
cused with which he is too often credited. This point is worth repeat- 
ing, inasmuch as it is the clearest result of Berti's publication: the va- 
rious phases of the trial of G
ljleo were not arranged with a vicw to 
theatrical effect, and to make an outward show of great severity, so 
as to intimidate the adherents of Galileo's doctrine, while, behind the 
scenes, the culprit was treated with kindness. The threat of torture, 
the abjuration, the sequestration, Wel'e realities, and not, as bas been 
supposed, simply monitions addressed to oyerbold men of science. At 
first, the court of Rome did not concern itself so nluch about impress- 
ing the imagination of the puùlic as about striking Galileo. Here 
was a rebellious suhject who had once before been treated 'with the 
greatest lenience, but who repaid the indulgence of the Holy Office 
with the transparent irony of .his "Dialogues;" who had set snares 
for the person appointed to examine his manuscript; who, at his first 
interrogatory, had made sport of his judges, nay, perhaps of the 
sovereign pontiff himself: he must now be reduced to silence for 
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good and all, by conducting him, through a series of moral tortures, 
to the uttermost limits of terror. 
At the same time the solemn form of his abjuration was calculated 
to prevcnt him from ever again inclining toward the Copernican 
doctrine. IIow could he embrace that doctrine aO'ain after he had 
/:) 
<>penly pronounced it heretical, and promised, as he was compelled to 
.do, to inform upon all persons suspected of this heresy? His judges, 
however, were not yet satisfied; he was feared even after his abjuration. 
lIe was confined at first in the palace of the Archbishop Piccolomini, 
at Siena, then at his own villa of Arcetri, near Florence, with leave to 
receive a few visits of relatives and friends, but on condition that 
several persons should never meet there to hold conversation. It was 
particularly feared that he would communicate with learned men 
abroad and in Italy. Father Castelli, his old pupil, in vain begged 
leave to see him, though he promised not to talk with him about the 
earth's motion. In order to protect all other Catholic countries 
against the contagion of his ideas, the pope dispatched to all apos- 
tolic nuncios and to all inquisitors copies of the sentence pronounced 
on Halileo, and of his act of abjuration. At Florence his chief dis- 
ciples and friends, especially the professors of mathematics, were 
summoned by name to listen to the reading of these two documents. 
In shutting the mouth of a writer so gifted, so full of resources, so 
admired by the public, it was hoped that an end was made of the 
doctrine of Copernicus-that dangerous doctrine which alarmpd thc 
theologians by displa.cing the centre of the universe, ousting the earth 
from its primacy and substituting the sun, and opening the way for 
hypotheses of the plurality of worlds and the end of creation. Hut 
the effort was vain. The theory of the earth's motion has survived 
all condemnations. It was not Galileo, as tradition would have it, 
that uttered the famous saying, " Eppur si mltove," but the gcneral 
voice of mankind who, after his death, thus proclaimed the undying 
truth of his belief. 
IIere we will stop. \Ve would not weaken, by any comments of 
vurs, the importance of the documents we have been examining. It 
is a fixed historical fact that ill the beginning of the seventeenth cen- 
tury the Roman congregations, assuming to represpnt the Church, 
and not disavowed by her, made themselves the judges of a scientific 
question, and d
cided it in a way contrary to the conclu
ions of 
science. The splendor of Galileo's genius anrl. the commiseration 
inspired by his sufferings impress upon this discussion a tragical and 
popular character; but the emotion produced by his cruel fate must 
not blind us to the gravity of the problem. The great question was 
whether, in conn tries that were then Catholic ancl destined so to remain, 
Science could free herself from the dominion of Faith. The trial of 
Galileo, so far from retarding this conclusion, as is commonly sup- 
posed, on the contrary made it inevitable and urgent. So soon as the 
VOL. X.-26 
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court of Rome saw how unwisely she had acted in deciding a question 
beyond her competence, thus laying herseH open to the danger of 
being the next day convicted of error, it became her interest, no less 
than the interest of 
cience, to distinguish clearly between the two 
domaiu8, .Science and Faith. If, nowadays, she avoids entering into 
scientific controversies, it is because she has been taught by experience 
that a decision might compromise her. IIer authority could hardly 
stand after a second edition of the sentence in which sl)e once forbaùe- 
the sun to stand still and the earth to revolvl
. 
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DISTANCE AND DIMENSIUNS OF TIlE SUN. 


By I>ROFESSOR C. A. YOUNG, 
OF DARTMOUTH COLLEGE. 


T IlE problem of finding the distance of tlJC sun is one of the most 
irnportant and difficult presented by a8tronom
. Its importance 
lies in this, that thi:; distance-the radius of the earth's orhit-is 
the base-line by means of which we measure every other celestial dis- 
tance, excC'pting only that of the moon; so that error in this base 
propagates itself in all directions through all space, affecting with a 
corresponding proportion of falsehood every measured line-the dis- 
tance of every star, the l'adins of every orbit, the Jiameter of every 
planet. 
Our estimates of the masses of the heavenly bodies also depend 
upon a knowledge of the sun's distance from the earth. The quan- 
tity of matter in a star or planet is determined by calculations whose 
fundamental data include the distance between the investigated body 
and some other body whose motion is controlled or modified by it; 
and this distance generally enters into the computation by its cube, 
so that any crror in it iuvolves a morf> than threefold error in the re- 
sulting lnass. An uncertainty of one per c<,nt. in the suu's distancc 
implics an uncertainty of morc than three per cent. in every celestial 
mass and every cosmieal force. 
Error in this fundamental clement propagates itself in time also, 
as well as in space awl maSR. That is to say, our calculations of the 
mutual effects of the planets upon each other's motions depend upon 
an accurate knowledge of their masses and distances. By these cal- 
culations, were our data perfect, we could }wedict for all futurity, or 
reproduce for any given epoch of the past, the configurations of the 
planets and the conditions of their orbits, and many interesting }H'ob. 
lems in geology and natural history seem to require for their solution 
just such determinations of the form and position of the earth's orbit 
in by-gone ages. 
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Now, the 
Iightest error in the data, though hardly affecting the 
result for epochs near the present, leads to uncertainty which accumu- 
lates with extreme rapidity in the lapse of time; so that even the 
present uncertainty of the sun's distance, smaU as it is, renders pre- 
carious all conclusions from such cOlnputations when the period is ex- 
tended more than a few hundred thousa.nd years from the present 
time. If, for instance, we should find as the result of calculation 
with the received data that two millions of years ago the eccen- 
tricity of the earth's orbit was at a maximum, and the perihelion so 
placed that the SUll was nearest during the northern winter (a condi- 
tion of affairs which it is thought would proJuce a glacial epoch in 
the southern hemisphere), it might easily happen that our results 
would he exactly contrary to the truth, and that the state of affairs 
indicated did not occur within half a million years of the specified 
date-and all because in our calculation the sun's distance, or solar 
parallax by which it is mem:urec1, was assumeù half of one per cent. 
too great or too small. In fact, this solar parallax enters into almost 
every kind of astronomical comlhltations, ii'Oill those which deal with 
stellar Rystems and the C'om;titution of the universe to those which 
have for their object nothing higher than the prediction of the moon's 
place as a rneans of finding the longitude at sea. 
Of course, it hardly need be said that its determination is the first 
step to any knowledge of the dimensions and constitution of the sun 
itself. 
This parallax of the sun is simply the angular semi-diameter of 
the ew'tI" as .çeen from tlte sun
. or, it may be defined in another way 
as the angle between the direction of the sun ideally ohsen'ed from 
the centre of the earth, ana its actual direction as seen from a station 
whcre it i
 jn
t ri
ing above the horizon. 
",Ve know with great a.ccnracy the dimensions of the earth. Its 
mean equatorial radius, according to the latest and most reliable de- 
termination (agreeing, however, very closely with previous ones), is 
3962.720 English miles [6::>77.323 kilometres], and the error call hardly 
amount to more than TnÕÕÕ of the whole-perha.ps, 200 feet one way 
or thp othf'r. .Accordingly, if we know how Jarge the earth looks 
from any point, or, to speak technically, if we know the parallax of 
the point, its distance can at once be found by a very easy calcula- 
tion: it equals simply [206,2651 X the radius of the earth] -;- [the 
parallax in seconds of arc]. 
Now, in the case of the sun it is very difficult 
o fill(l the parallax 
with sufficient precision on account of its smallness-it is less than 
9", almost certainly between 8.8" and 8.9". But this tenth of a second 


1 This number 206,265 is the length of the raùius of a. circle expressed in seconds of 
it
 cÏl'cumference. A ball one rôot in actual diameter would have an apparent diameter 
of one second at a distance of 206,2G5 feet, or a little more than 39 miles. If its appar- 
E'nt diameter were 10", its rlistance woulù, of course, be only -h as great. 
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of doubtfulness is more than th of the whole, although it is no more 
than the angle subtended by a single hair at a distance of nearly 800 
feet. If we call the parallax 8.86", which is probably very near the 
trùth, the distancp of the sun will come out 92,254,000 miles, while a 
variation of -!-o of a second either way will change it nearly half a 
million of miles. 
'Vhen a surveyor has to find the distance of an inaccessible object, 
he lays off a convenient base-line, and from its extremities observes 
the directions of the object, considering himself very unfortunate if he 
cannot get a base whose length is at least -to of the distance to be meas- 
ured. But the whole diameter of the earth is less than TIm of the 
distance of the sun, and the astronomer is in the predicament of a sur- 
veyor who, having to measure the distance of an object ten miles off, 
finds himself restricted to a base of less than five feet, and herein lies 
the difficult.y of the problem. . 
Of course, it would be hopeless to attempt this problem by direct 
observations, such as answer perfectly in the case of the moon, whose 
distance is only thirty times the earth's diameter. In her case, obser- 
vations taken from stations widely separated in latitude, like Berlin 
and the Cape of Good Hope, or 'Vashington and Santiago, determine 
her parallax and distance with very satisfactory precision; but if ob- 
servations of the same accuracy could be made upon the sun (which 
is not the case, since its heat disturbs the adjustments of an instru- 
ment), they would only show the parallax to be somewhere hetween 
8" and 10", its distance between 126,000,000 and 82,000,000 miles. 
Astronomers, therefore, have been driven to employ indirect meth- 
ods based on various principles: some on observations of the nearer 
planets, some on calculations founded upon the irregularities-the so- 
called perturbations-of lunar and planetary movements, and some 
upon observations of the velocity of light. Indeed, before the Chris- 
tian era, Aristarchus of Samos had devised a method so ingenious and 
pretty in theory that it really deserved success, and would have at- 
tained it were the necessary observations susceptible of sufficient ac- 
curacy. Hipparchus also de,-ised another founded on observations 
of lunar eclipses, which also failed for much the same reasons as the 
plan of Aristarchus. 
The idea of Aristarchus was to observe carefully the number of 
hours between new moon and the first quarter, and also between the 
quarter and the full. The first interval should be shorter than the 
second, and the difference would determine how many times the dis- 
tance of the sun from the earth exceeds that of the moon, as will 
be clear from the accompanying figure. The moon reaches its quar- 
ter, or appears as a half-moon, when it aI'rives at the point Q, where 
the lines drawn from it to the sun and earth p.re perpendicular to each 
other. Since the angle HE Q == E S Q, it will follow that H Q is the 
same fraction of HE as Q E is of E S; so that, if H Q can be found, 
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we shall at once have the ratio of Q E and E S. Aristarchus thought 
he had ascertained that the first quarter of the month (from N to Q) 
was about 12 hours shorter than the second, from which he computed 
the sun to be about 19 times as distant as the moon. The difficulty 
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FIG. 1. 


lies in the impossibility of determining the precise moment when the 
disk of the moon is an exact semicircle. The real difference between 
the first and second quarters is really not quite 36 minutes., and the 
sun's distance is about 400 times the moon's. 
The different methods upon which our present knowledge of the 
sun's distance depends may be classified as follows: 


1. Observations upon the planet Mars near opposition, in two distinct ways: 
(a) Observations of the planet's declination made from stations widely sep- 
arated in latitude. . 
(b) Observations from a single station of the planet's right ascension when 
near the eastern and western horizons - known as Flamsteed's 
method. 
2. Observations of Venus at or near inferior conjunctions: 
(a) Observations of her distance from !:!mall stars measured at stations wide- 
ly different in latitude. 
(h) Observations of the transits of the planet: 1. By noting the duration 
of the transit at widely-separated stations; 2. By noting the true 
Greenwich time of contact of the planet with the sun's limb; 3. By 
measuring' the distance of the planet from the sun's limb witl, suit- 
able micrometric apparatus; 4. By photographing the transit, ùnd 
subsequently measuring the pictures. 
3. By observing the oppositions of the nearer asteroids in the same manner as 
those of Mars. 
4:. By means of the so-called p
ranactic inequality of the mOOD. 
5. By means of the monthly equation of the sun's motion. 
6. By means of the perturbations of the planets, which furnisll us the means of 
computing the ratios between the masses of the planetH and the sun, and 
consequently their distances-known as Leverrier's method. 
7. By measuring the velocity of light, and combining the result (a) with equa- 
tion of light between the earth and sun, and (b) with the constant of ab- 
erration. 


Our scope and limits do not, of course, require or allow any ex- 
haustive aiscu

ion of these different methoèls and their results, but 
some of them will repay a few moments' considerat.ion : 
The first three methods are all based upon the same general idea, 
that of finding the actual distance of one of the nearer planets by ob- 
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serving its displacement in the sky as seen from remote points on the 
earth. The relative distances of the planets are easily found in sev- 
eral different ways/ and are known with very great accuracy-the 
possible error hardly reaching the ten-thousandth in even the most 
unfavorable cases. In other words, we are able to draw for any mo- 
nlent an exceedingly accurate map of the solar system-the only ques- 
tion being as to the scale. Of course, the determination of any line 
in the map will fix this scale; and for this purpose one line is as good 
as another, so that the measurement of the distance from the earth to 
the planet l\'Iars, for instance, will settle all the dimensions of the 
system. 
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FIG. 2. 


The figure illustrates the method of observation. Suppose two 
observers, situated one near the north pole of the earth, the other 
near the south. Looking at the planet, the northern observer will see 
it at N (in the upper figure), while the other will see it at S, farther 
north in tbe sky. If the northern observer sees it as at A (in tbe 
lower part of the figure), the southern will at the same time see it as at 
B j and, by measuring carefully at each station the apparent distance 
of the planet from several of the little stars (a, b, c) which appear in 
the field of view, the amount .of the displacem
nt can be accurately as- 
certained. The figure is drawn to scale. The circle E being taken 
to represent the size of the earth as seen from :Mars when nearest us, 
the black disk represents the apparent size of the planet on the same 
scale, and the distance between the points ..LV and S, in either figure A 
or B, represents, on the same scale also, the displacement which would 


lOne method of determining the relative distances of a planet and the sun from each 
other and from the earth is the following, known since the days of Hipparchus; First, 
observ
 the date when the planet comes to its opposition-i. e., when sun, earth, and 
planet, are in line, 8S in the figure, where the planf't and earth are represented by ill and 
E. Next, after a known number of days, say one hundred, when the planet has advanced 
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be produced in the planet's position by a transference of the observer 
from Washington to Santiago, or vice versa. 
The first modern attempt to determine the sun's parallax was 
made by this method in 1670, when the French Academy of Sciences 
sent Richer to Cayenne to observe the opposition of .Mars, while Cas- 
sini (who proposed the expedition), Roemer, and Picard, observed it 
from different stations in France. 'Yhen the results came to be com- 
pared, however, it was found that the planet's disl)lacem<'nt was im- 
perceptible by their existing nleans of observation: from this they 
inferred that the planet's parallax could not exceed half a minute of 
arc, and that the sun's could not be more than 10". 
In 1752 LacailIe at the Cape of Good Hope made similar observa- 
tions, and their comparison with corresponding observations in Europe 
showed that instruments haa so far improved as to make the displace- 
lnent quite sensibl<.>. lIe fixed the sun's paralIax at 10", corresl)ond- 
ing to a distance of about 82,000,000 miles. 
In more recent times the nlethod has been frequently applied, and 
with results on the whole satisfactory. In 1849-'52 Lieutenant Gilliss 
was sent by the U nitec1 States Government to 
antiago, in Chili, to 
..observe both l\Iars and Venus in connection with northern observa- 
tories. In 1862 a still nlore extended campaign was organized, in 
which a great numòer of observatories in both 11Cmispheres partici- 
patecl Prof. Newcomb's careful reduction of the work puts th<.> 
resulting parallax at 8.855". The method can be used to the best 
advallt:lge, of course, when at the time of opposition the planet is near 
its perihelion and the earth near its aphelion; these fa,'orable oppo- 
sitions occur about once in fifteen years, and the one which is next 
to occur, in September, 1877, is so exceptionally advantageous that 
already somewhat extensive preparations are on foot to secure its 
careful and general observation. 


to liE and the earth to E,' observe the planet's elongation from the sun, i. c., the angle 
.11f' E' S. N ow, since we know the periodic times of both the earth and planet, we shall 
know both the angle .ðf S .ðr moved over by the planet in one hundred days, and also E S 
E described in the same time by the earth, the difference is .ð[' S E,' called by some 
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FIG. 3. 


writers the synodic aQgle. 'Ve have, therefore, in the triangle J.Jl' S E,' the angle at E 
measured, and the angle JF S E' lmown as stated above; this of course gives the third 
angle at },I,' and hence we know the shape of the triangle, and by the ordinary processes 

f trigonometry can find the relative mlues of it:, three siùes. 
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In observations of this sort upon J\1Iars or the asteroids, the position 
and displacement of the planet, as seen from different stations, are de- 
termined by comparing it with neighboring stars. When Venus, how- 
ever, is nearest us, she can be observed only by day, so that in her case 
star comparisons are as a general thing out of the question. But 
occasionally at her inferior conjunction she passes directly aCl
oss the 
disk of the sun, and her parallactic displacement from different sta- 
tions can then be determined by making any such observations as will 
enable the computer to ascertain accurately her apparent distance and 
direction from the sun's centre at some given moment. Gregory in 
1663 first pointed out the utility of such observations for ascertaining 
the parallax, but it was not until some fifteen years later that the at- 
t
ntion of astronomers was secured to the subject by Halley, who dis- 
cussed the matter thoroughly, and show(>d how the problem might l)e 
solved with accuracy by observations such as were entirely practicable 
even by the instruments ånd with the know ledge, then at command. 
In 1761 and 1769 two transits occurred wh!ch were observed in all 
accessible quarters of the globe by expeditions sent out by the differ- 
ent governments. From different sets of these observations variously 
comhined by different computers, values of the solar parallax were 
obtained ranging all the way from 7.5" to 9.2". A general discussion 
of all the materials afforded by the two transits was first made hy 
Ellcke in 1822, and he obtained, as the most probable result, the value 
8."5776, which from that time for lnore than thirty years was accepted 
by all astronomers as the best attainable approximation to the truth. 
In order to harmonize the l.esults, however, he thought himself obliged 
to reject the observations of several stations. In 1854 Hansen, in 
publishing some of his results respecting the motion of the moon, 
announced that Encke's value of the solar parallax could not be rec- 
onciled with his investigations; within the next six or seven years 
several independent researches by other astronomers confirmed his 
conclusions, and the most recent recomputations show that the ob- 
servations rejected by Encke are as trustworthy as any, and that tl)e- 
errors of observation were so considerable in 1769 that nothing more 
can be fairly deduced from that transit than that the solar paralIax is 
probably somewhere between 8.7" and 8.9". 
The method of observation then used consisted simply in noting 
the moment when the limb of the planet came in contact with that of 
the sun-an observation which is attended with much more difficulty 
and' uncertainty than would at first be supposed. The difficulties 
depend in part upon the imperfections of optical instruments and the 
human eye, partly upon the essential nature of light, leading to what 
is known as diffraction, and part ly upon the action of the planet's 
atmosphere. The two first named causes produce what is called irra- 
diation, and operate to make the apparent diameter of tbe planet, as 
seen on the solar disk, smaller than it really is-smaller, too, by an 
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amount which varies with the size of the telescope, the perfection or 
its lenses, and the tint ana brightness of the s
n's image. The edge 
of the planet's im
ge is also rendered slightly hazy and indistind. 
The planet's atmosphere also causes its disk to be surrounded by a 
narrow ring of light, which becomes visil)lc long before the planet 
touches the sun, and at the moment of internal contact produces an 
appearance of which the accompanying figure is intended to give an 
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idea though on an exaggerated scale. The planet movps so slowly as 
to occupy more than twenty minutes in crossing the sun's limb; so 
that, even if the planet's edge were perfectly sharp and definite, and the 
sun's limb undistorted, it would be very difficult to determine the pre- 
cise second at which contact occurs; but as things are, observers, with 
precisely similar telescope
, and side by side, often differ from each 
other five or six seconds; and where the telescopes firc not similar the' 
diflerences and uncertainties are much greater. The contact observa- 
tions of the last transit in 1874 do not appear to be much more accord- 
ant than those of 1769, notwithstanding the great improvement in 
telescopes; and astronomers at present are pretty much agreed that 
such observations can be of little value in removing the remaining 
uncertainty of the solar parallax, and are disposed to put more reli- 
ance npon the micrometric and photogl'aphic methods, which are free 
from these peculiar difficulties, though of course beset with others; 
which, however, it is hoped win prove less formidable. 
The micrometric method requires the use of a peculiar instrument 
known as the heliometpr, an instrumcnt common only in Germany, 
and requiring much skill and practice in its use in order to obtain 
with it accurate measures. At the late transit a single English party, 
two or three of the Russian parties, and all five of the German, werc 
equipped with these instruments, and at some of the stations exten- 
sive series of measures were made. None of the results, however, have 
appeared as yet, so that it is impossible to say hO\\T greatly, if at all,. 
this method will have the al1vantage in precision over the c01ltact 
observations. 
The Anwricans and French placedtllcir main reliancc upon the 
photographic method, while the English and Germans also provided 
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for its use to a certain extent. The great advantage of this method is 
that it makes it possible to perform the necessary measurements, upon 
whose accuracy everything depends, at leisure after the transit, with- 
out hurry, and with all possible precautions. The field-work consists 
mercly in ,obtaining as many and as good pictures as possible. The 
only objection to the method lies in the difficulty of obtaining good 
pictures, i. e., l)ictures tì'ee from distortion, and so distinct and sharp 
.as to bear high magnifying power in the microscopic apparatus used 
for their measurement. It is necessary also that the exact scale of 
the pictures, or the number of seconds of m'c to the linear inch, be 
known, as well as the precise Greenwich time at which each picture 
is taken, and it is also extremely desirablc that the orientation of the 
picture should be accurately determined, that is, the north and south, 
east and west points of the solar image on the finished plate. There 
has been a good deal of anxiety lest the image, however accurate and 
sharp when first produced, should alter in course of time through the 
contraction of the collodion film on the glass plate, but the experiments 
of Rutherfurd, Huggins, and Paschen, seem to show that this danger 
is imaginary; that if a l)late is properly l)repared the collodion film 
never creeps at all, but remains firmly attached to the glass. It re- 
quires but a very trifling amount of distortion or inacClU'acy of the 
image to render it useless. The uncertainty in our IJresent knowledge 
of the sun's parallax is so small that it would only involve an error of 
about one-quarter of a second in the calculated position of Venus on 
the sun's disk as seen from any station at any given time during the 
transit, and this would be about 
 of an inch on a four-inch picture 
of the sun. U nIess, then, the picture is so distinct and free from dis- 
tortion that the relative positions of Venus and the sun's centre can 
be determined from it within doo of an inch, it is worthless as a means 
of correcting the received determination of the parallax. 
But it is to be noted that any mere enlargement or diminution of 
the diameter of sun or planet will do no harm, provided it is alike all 
around the circumference of the disk, since the measurement is not 
from the edge of Venus to the edge of the sun, but between their 
centre
. Photographic determinations of contact, on the contrary 
(such as J anssell and some of the English parties attempted by a pe- 
culiar and complicated apparatus), are affected with all the uncertain- 
ties of the old-fashioned observations of the eye alone, and with oth- 
ers in addition; so that, astronomically considm'ed, they are entirely 
worthless, although interesting from a chemical and physical point of 
view. 
Two essentially different Ijnes of proceeding were adopted, at the 
last transit, in the photograplÜc obsen.ations. The English and Ger- 
mans attached a camera to the eye-end of an ordinary telescope, which 
was pointed directly at the sun; the image formed at the focus of the 
telescope wa"s enlarged to the proper size by a combination of lenses 
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in the camera; and a small plate of glass ruled with squares was 
placed at the focus of the telescope and photographed with the sun's 
image, furnishing a set of referen
e-lines, which give the means of de- 
tecting and allowing for allY distortion caused by the enlarging lenses. 
The Americans and French, on the other hand, preferred to make 
the picture of full size, without the intervention of any enlar
ing 
lens: as this requires an object-glass with a focal length of thirty or 
forty feet, which could not be easily pointed at the sun, a plan proposed 
first, I believe, by M. Laussedat, but also independently by our own 
Prof. 'Yinlock, was adopted. The telescope is placed horizontal, and 
the rays are reflected into the object-glass by a plane mirror suitably 
nlOuntedo The French used mirrors of silvered glass, and took their 
pictures (about two and a half inches in diameter) by the old daguerre- 
otype process on silvered plates of copper, in order to avoid the risk 
of collodion-contraction. "\Vith the silvered mirror the time of ex- 
posure is so f:hOl.t that no clock-work is required. The Americans 
used unsilverecl mirrors, in order to avoid any distorting action of the 
sun's rays upon the form of the mirror. This, of course, made the 
light feebler, and the time of exposure longer, so that a clock-work 
movement of the mirror was needed to keep the image from changing 
its plaee on the plate during tIle exposure, which, however, never ex- 
ceeded half a second. The American pictures were taken by the or- 
dinary wet process on glass, and were about four inches in diameter. 
Just in front of the sensitive plate, at a distance of about one-eighth 
of an inch, was l)laced a reticle, or a plate of glal:;s ruled in squares, 
and between this and the collodion-plate hung a fine silver wire sus- 
l)ending a plumb-bob. Thus the finished negative was marked into 
squareR, and also bore the image of the plumb-line, whic}), of course, 
indicated precisely the direction of the vertical. The Americans also 
placed the photographic telesco})e exactly in line with a meridian 
instrument, and so determined, ".ith the extremest precision, the 
direction in which it was pointed. n::nowing this, and the time at 
which any picture was taken, it becomes possible, with the belp of the 
plumb-line image, to determine precisely the orientation of the picture 
-an advantage possessed by the American pictures alone, and making 
their value nearly twice as great as otherwise it would have been. . 
The following figure is a representation of one of tbe American pho- 
tographs reduced about one-half. V is tbe image of Venus, which on 
the actual plate is about one-seventh of an inch in diameter; a a' is the 
image of thf' plumh-line. The cEntre of the reticle is marked by the 
little cross and the word" China" written on the }Oeticle- p late with a 
, , 
diamond-and, of course, copied on the photograph-indicates that it 
is one of the Peking pictures. Its number in the series is given in the 
right-hand upper corner. About 90 such pictures were obtained at 
PekinO" durinO" the transit anù ahout 350 at all the eight 
\.merican 
ö ö , 
stations the work beinO" much interfered with b y unfavOl.able weather 
, ð 
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at most of them. If we adtl those obtained by the French, Gerlnans, 
and English, the total number ayailable reaches nearly 1,200, accm'd- 
ing to the best estimates. 
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After the pictures are made and safely brought home, they have 
next to be measured-i. c., the distance (:md in the American }Jictures 
the direction also) between the centre of Venus and the centre of the 
sun must be determined in each picture. This is an exceedingly deli- 
cate and tedious operation, rendered more difficult by the tact that 
the image of the sun is never truly circular; but, even supposing the 
instrument to be perfect in all its adjustments, is somewhat distorted 
by the effect of atmospheric refraction; so that the true position of 
the sun's centre with reference to the squares of the l'eticle is deter- 
mined only by an intricate calculation from measurements made with 
a microscopic apparatus on a great number of points suitably chosen 
on the circumference of the image. The final result of the measure- 
ment would come out something in this fm.m: Peláng, No. 32, time, 
14 h OS' 20.2" (Greenwich mean time); Venus north of sun's centre, 
735.32"; east of centre, 441.63"; distance from centre of sun, 857.75". 
(The numbers given are only imaginary.) It is this process of meas- 
urement which has required so long a time since the transit, and is not 
yet completed. 'Vhen it is finished, and the results published in the 
form indicated, then will come the work of combining all the data thus 
obtained at an the stations, and from them deducing the true value 
of the solar parallax. Since, however, anotller transit is to occur so 
soon (in 1882), it is not unlikely that astronomel'S may defer the final 
grand combination until the observations of that transit also are 
ready to be included. It is very confidently hoped by most of those 
who have Rtudied the subject that the remaining uncertainty in the 
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sun's distance will be greatly reduced as the result of this work; and 
yet there are some grounds fur anxiety lest the l)hotograpbic data 
prove as intractable and inconsistent as those derived from contact- 
observations. Time only can positively settle the question. 
One of the best methods of determining the solar paralIax is based 
upon the careful observation of the motions of the moon. It will be 
recollected that the first suspicion as to the COITectlìess of the then 
received diç;tance of the sun was raised in 1854 by Hansen's an- 
nouncement that the moon's parallactic inequality led to a smallcr 
value than that deduced from the transit of Venus-a conclusion cor- 
roborated by Leverrier fonr years later. It seems at first sight 
strange, but it is true, as Laplace long since pointed out, that the 
skillful astronomer, by merely watching the movements of our satel- 
lite, and without leaving his observatory, can obtain the solution of 
problems which, attacked by other methods, require tedious and ex- 
pensive expeditions to remote corners of the earth. Our scope and 
object do not requirc us to enter into detail respecting this lunar 
method of finding the sun's parallax; it must suffice to say that the 
disturbing action of the sun-makes the i
terval from new moon to 
full a little longer than that from ful1 to new; and this difference dc- 
pends upon the ratio between the diameter of the moon's orbit and tlte 
distance of the sun in such a manner that, if the inequality is accu- 
ratcly observed, tbe ratio can be calculatcd. Since we know tbe dis- 
tance of the moon, this will give that of the sun. The results ob- 
tained in this way, according to the most recent investigations, fix the 
solar parallax between 8.83" and 8.92". 
There is still another lunar method, mentioned in the synopsis; 
but its results are much less reliable-subject, that is, to a much larger 
probable error, though not at all contradictory to those just given. 
But the method by which ultimately we shall obtain the most ac- 
curate. determination of the dimensions of our system is that pro- 
posed by Leverrier, making use of the secular perturbations produced 
by the earth upon her neighboring planets, especialIy in causing the 
motions of their nodes and perihelia. These motions are very slow, 
but continu0l6s
. and hence, as time goes on, they will become known 
with ever-increasing accuracy. If they were known with absolute 
precision, they 'Would enable 
tS to comp'ute, with absolute precision 
also, the ratio between the masses of the s'un and earth, and from this 
ratio we can calculate 1 the distance of the sun by either of two or 
three different methods. 


] One method of proceeding is as follows: Let M be the mass of the sun, and m that 
of the earth; let R be the distance of the sun from the earth, and r that of the moon; 
ñnal1y, let T be the number of days in a sidereal year, and t the number in a sidereal month. 
Then, by elementary astronomy, 
R 3 r a ( T:J ) ( M ) 

I : m = _ : _j whence R3 = r 3 _ _; 
T
 t i t
 m 
or, in words, the cube of the sun's distance equals the cube of tlte moon's distance, multiplied 
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As matters stand at present, the majority of astronomers would 
probably consider that these secular perturbations are not yet known 
with an exactness sufficient to render this method superior to the 
others that have been named-})erhaps as yet not even their rival. 
Leverrier, on the other hand, himself puts such confidence in it that 
he declined to sanction or coöperate in the operations for observing 
the recent transit of Ven'us, considering aIl1abor and expense in that 
direction as merely so much waste. 
But, however the case may be now, there is no question that as 
time goes on, and our knowledge of the planetary motions becomes 
more minutely precise, this method will become continually and cumu- 
latively more exact, until finally, and not many centuries hence, it will 
-supersede all the others that have been described. The parallax of 
the sun, determined by Leverrier in this method, in 1872, comes out 
8.86". 
The last of the methods mentioned in the synopsis given on page 
405 is interesting as an .example of thp manner in which the sciences 
are mutually connected and dependent. Before the experiments of 
Fizeau in 1849, and of Foucault a few years later, our knowledge of 
the velocity of light depended on our knowledge of the dimensions 
of the earth's orbit: it had been found by astronomical observations 
upon the eclips.es of Jupiter's satellites that light occupied a little 
more than 16 minutes in crossiI]g the orbit of the earth, or about 8 
minutes in coming from the sun; and hence, supposing the sun's dis- 
tance to be 95,600,000 miles, as was long beJieved, the velocity of 
light must be about 192,000 miles per second; thus optics was in,: 
debted to astronomy for this fundamental element. But when Fou- 
cault in 1862 announced that, according to his miquestionably accu- 
-rate experiments, the velocity of light could not be much more than 
186,000 miles per second, the obligation was returned, and the suspi- 
cions as to the received value of the sun's parallax, which had. been 
raised by the lunar researches of Hansen and Leverrier, were changed 
into certainty. The most recent experimental determinations of the 
velocity of light by Cornu in 1873-'74 fix the solar parallax between 
8.80" and 8.85", according as we use Peters's" constant of aberration" 
or Delambre's value of the "equation of light," which is the name 
given to the time required for light to traverse the interval between 
the sun and the earth. 
Collecting all the evidence at present attainable, it would seem 
that the solar parallax cannot differ much from 8.86", though it may 
be as much as 0.04" greater or smaller; this would corrf'spond, as bas 


by tlte square of the number of sidereal montlts in a yem., and hy the mtio between the masses 
of the mn and earth. It is to be noted, however, that T and t are the periods of tbe earth 
and moon, as they would be if wholly undisturbed in their motions, and hence differ 
slightly from the periods actually observed-tbe differences are small, but somewbat 
troublesome to calculate with precision. 
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already been said, to a distance of 92,250,000 miles, with a probable 
error of about one-half per cent., or 450,000 miles. 
But, though the distance can thus easily be stated in figures, it is 
not so easy to give any real idea of a space so enormous; it is quite 
beyond our power of conception. If one were to try to walk such a 
distance, supposing even that he could walk 4 miles an hour, and 
keep it up for 10 hours every day, it would take 68! years to make a 
single million of miles, and more than 6,300 years to traverse the 
whole. 
If some celestial railway could be imagined, the journey to the sun, 
even if our trains ran 60 miles an hour, day and night and without a 
stop, would require over 175 years. Sensation, even, would not travel 
so far in a human lifetime. To borrow the curious illustration of 
Prof. Mendenhall, if we could imagine an infant with an arm long 
cnough to enable" him to touch the sun and burn himself, he would die 
of old age before the pain could reach him, since, ,according to the 
experiments of Helmholtz and others, a nervous shock is communi- 
cated only at the rate of about 100 feet per second, or 1,637 miles a 
day, and would need more than 150 years to make the journey. Sound 
would do it in about 14 years if it could be transmitted through ce- 
lestial space, and a cannon-ball in ahout 9, if it were to move uni- 
formly with the same speed as when it left the muzzle of the gun. If 
the earth could be suddenly stopped in her orbit, and allowed to fall 
unobstructed toward the sun under the accelerating influence of his 
attraction, she would reach tbe central fire in about four months. I 
have said if she could be stopped, but such is the compass of her 
orbit that, to make its circuit in a year, she has to mOVê nearly 
19 miles a second, or more than fifty times faster than the swiftest 
rifle- ball; and in moving 20 miles her path deviates from perfect 
straightness by less than one-eighth of an inch. .And yet, over all 
the circumference of this tremendous orbit, the sun exercises his do- 
minion, and every pulsation of his surface receives its response from 
the subject" earth. 
By observing the slight changes in the sun's appm'ent diameter, 
we find tbat its distance varies somewhat at different times of the 
year, about 3,000,000 miles in all; and minute investigation shows 
that the earth's orbit is almost an exact ellipse, whose nearest point 
to the sun, or perihelion, is passed by the earth about the 1st of Jan- 
uary, at which time she is 90,750,000 miles distant. 
The distance of the sun being once known, its dimensions are easi- 
Iy ascertained-at least, within certain narrow limits of accuracy. 
The angular semi-diameter of the sun wben at the mean distance is 
almost exactly 962 0 , the uncertainty not exceeding 
 of the whole. 
The result of twelve years' observations at Greenwich (1836 to 1847) 
gives 961.82 0 , and other determinations oscillate around the value 
first mentioned, which is that adopted in the" American Nautical Al- 
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Inanac." Taking the distance as 92,250,000 miles, this makes the 
sun's diameter 860,500; and the probable error of this quantity, de- 
!Jending as it does both on the error of the measured diameter and of 
the distance, is some 4,000 or 5,000 miles; in other words, the chances 
are strong that the actual diameter is between 855,000 and 865,000 
miles. 
l\ieasurements made by the same person, however, and with the 
Rame instrument, but at different times, sometimes differ enough to 
raise a suspicion that the diameter is slightly variable, which would be 
nothing surprising considering the nature of the solar surface. There 
is no sensible difference between the equatorial and polar diameters, 
the rotation of the SUll on its axis not being sufficiently rapid to tnake 
the polar compression (which nmst, of course, necessarily result from 
tbe rotation) marked enough to be perceived by our present meaDS 
of observation. 
It is not easy to obtain any real conception of the vastness of this 
enormous sphere. Its diameter is 108.7 times that of the earth, and its 
circumference proportional, so that the traveler who could niake the 
circuit of the world in 80 days would need nearly 24 years for his jour- 
neyaround the SUD. Since the surfaces of spheres vary as the squares, 
and bulks as' the cubes, of their diameters, it follO\ys that. the sun's 
surface is nearly 12,000 times, and its volume, or bulk, more than 
1,280,000 times, greater than that of the earth. If the earth be rep- 
resented by one of the little three-inch globes common in school ap- 
paratus, the sun on the same scale will be more than 27 feet in diam- 
eter, and its distance nearly 3,000 feet. Imagine the sun to be hollowed 
out and the earth placed in the centre.of the shell thus formed, it 
would be like a sky to us, ana the moon would have scope for all her 
motions far within the illc10sing surface; indeed, since she is only 
240,000 miles away, while the sun's radius is more than 430,000, there 
would be room for a second satellite 190,000 miles beyond her. 
The 'Jnass of the sun, or quantity of matter contained in it, can also 
be computed when we know its distance, and comes out 325,600 times 
as great as the earth. The calculation may be made either by means 
of the proportion give1.l in the note to page 413, or by comparing the 
attracting force of the sun upon the earth, as indicated by the curva- 
ture of her orbit (about 0.119 inch per second), with the distance a 
body at the surface of the earth falls in the same time under the action 
of gravity, a quantity which has been determined with great accuracy 
by experiments with the pendulum. Of course, the fact that the sun 
produces its effect upon the earth at a distance of 92,250,000 miles, 
while a falling body at the level of the sea is only about 4,000 miles 
from the centre of the attraction which produces its motion, must also 
enter into the reckoning. 1 
1 The calculation of the sun's mass, from the data given, proceeds as follows: Let M = 
the sun's mass, and m that of -the earth; R = the distance from the earth to the sun, 



.DISTA.J..VCB-' .LLY.D .DIJI.b'..VSIO....YS OF THE SUN. 4 1 7 


This mass, if we express it in puunds or tOllS, is too enormous to 
be conceived: it is 2 octillions of tous-that is, 2 with 27 ciphers 
aUDexeJ; it i
 nearly 750 times as great as the cumbillcll Illa
ses of 
all the planets and satellite::; of the so1:1r system-aud Jupiter alone 
is more than aoo times as massive as the earth. The sun's attracti\ e 
power is such that it dominates all surrounding space, even to the 
fixed stars, so that a body at the distance of our lwarest stellar neigh- 
bor, a Centauri, which is 11101'0 than 200,000 times remoter than the 
sun, could free itself from tho solar attraction only b.y darting away 
with a velocity of more than 300 feet per second, or over 200 milcH 
an hour; unless animate(l by :1 greatcr velocity than thi:;, it would 
move around the sun in a closed orbit-an ellipse of sume sh:lpe, or 
a circle, with a period of revolution which, in the smallest po
sible 
orùit, would be about 31,GOO,OOO years, and if the orbit were circular, 
woul'] be nearly 90,000,000. 'Ve say it would revolve thus-that is, 
of course, unless intercepted or diverte<1 from it.s course by the iuflu- 
ence of some other sun, as it probaùly would be. And we may notice 
here that in many cases certainly, and in roo::;t cases probably, the 
stars are flying through space at a far swifter rate, with velocities of 
Illany lllile
 per second. 
If we calculate the force of gravity at the sun's surface, whicb is 
easily done by dividing its mass, 325,GOO, by the square of 108! (the 
number of times the sun's diameter exceeds the earth's), we tÏ!lll it 
to be :nt times as great as on the earth; a man who OIl the earth 
would weigh 150 pounds, would there weigh Hearty two tuns; antI, 
even if the footing were good, would be unable to stir. A body 
which at the earth faUs a little more than 1G feet in a second would 
there fall 443. A pendululll which here swings once a second would 
there o
cillate more than five times as rapidly, like the balance-wheel 
of a watch-qtlÏ\rering rather than swinging. 
Since the sun
s volume is 1,280,000 times that of the earth, while 
its ma:;s is only 325,600 times as great, it foll
ws at once that the 
sun's ctVerLlge density (found by dividing the luass by the yolume) is 
only abuut one-quarter that of the eaJ'tl
. This is a fact of the utmo
t 
importance in its bearing upon the constitution of this body. ...\.::, we 
shall see hereafter, we know that certain heavy metals, with which 
we are familiar 011 the earth, enter largely into the composition of the 
and l' the mean raù.ius of the earth; T, the length of the sidereal ycar, reduced to :"ccond:,; ; 
amI t g the di
tance a body falls in a Fiecond at the earth's 
urf'ace. Now, the distance 
the earth falls toward the sun in a second, or the curvature of her orLit in a ðcconù, is 
Q 2 R 211'2R m )[ 
equal to -=-;2(abouto.119incb). nence,bythelawofgravitation.
g: -T
 =r;: W, 
( 411'
R3 ) 
whence, .Y = ill T:1r:1,., . 
o 
In this farmula make 11' = 3.14159; R, 92,250,000 miles; T = 31,!):5R.149,3 seconds; 
l' = 3,956.179 mites; and g = 0.00f)}03;) mite (16.113 feet), anù we Ah.\ll get the re
ult 
given in the text, viz" M = 325,600 In. 
VOL. x.-27 
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sun, so that, if the principal portion of the solar mass were either solid 
or 1iqnic1, its mean density ought to be at least as great as the earth's, 
especially since the enormons force of solar gravity would tend most 
powerfully to compress the materials. The low density can only be 
acc'oullted for on the supposition, ,,,hich seems fairly to accord also 
with all other facts, that the sun is mainly a Lall ()f gas, or vapor, 
powerfully condensed, of course, in the central portion by the super- 
incumhent weight, but prpvellted from liquefaction hy an exceed- 
Iy high temperature. And, on the other hand, it could be safely pre- 
diC'terl on physical IH'inciples that so huge a ban of fiery vapor, ex- 
posefl to the cold. of space, woul<1 present precisely snch phenomena 
as we find by obsernttion of the F;olar surface and surroundings. 


. . . 
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. L 
T IlE 
cielltific treatment of any art consists partly in applying the 
principles furnished ùy the several sciences involvC'd-as chemi- 
callaws to agriculture-and partly iu enforcing, throughout the dis- 
cussion, the utmost J>recision and l'Ígor in the statement, deduction 
and proof of the various maxims or rules that make up tIle Mrt. 
Both fecundity in the thoughts aud clearness in the directions 
should attest the worth of the scientific method. 
DEFINITIOSS OF TIlE RCOPE OF EDUCATION.-First, let Ine quote tIle 
definition embodied in the ideal of t1w founders of the Pl'ussian X a- 
tional System. It is given shortly as "the harmonious and equable 
evolution of the hum:lll powers;" at more lengt,h, in the words of 
Stein, "by a method based on the nature of the mind, every power of 
the soul to he unfolded, every crude principle of life stirred up and 
nourished, all one-side(l culture avoided, and the impulses 011 which 
the strength and worth of men rest carefully attended to."-(Donald- 
son's" Lectures on Education," p. 38.) This definition, which is pointed 
. against narrowness generally, mar have had special reference to t,he 
many omissions in the schooling of the foregone times: the leaving 
out of such things as bodily or muscular training; training in the 
senses or 01)servation; training in art or refinement. It furtIler in- 
sinuates that hitherto the professed teacher may not have done much 
even for the intellect, for the higher m.oral training, nor for tlle train- 
ing with a view to happiness or enjoyment. 
Acting on this ideal. not only would the e'ducator put more press- 
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llre altogether on the susceptiLilities of his pnpils: he would also 
avoid overdoing anyone branch; he would consider prol)orHù/
 in 
the things to be taught. To be all language, all observation, all ah- 
stract science, all fine art, all bodily expertness, all lofty scntim('ut, 
all theology-would not he accepted as a proper outcome of auy 
trainer's work. 
The Prussian definition, good so far, does not readIly accommodate 
itself to such circumstances as these-namely, the superior aptitude 
of individuals for some things rather than for others; the advantage 
to society of preëminent fitness for special functions, although gained 
by a one-sille<l development; the difficulty of reconciling the" whole 
man" with himself; the limitecl mean
 of the e<1ucator, which impose's 
the necessity of selection according to relative importance. 
Although by no means easy, it is yet possible to make allowance 
for these various considerations, under the theory of harmonious de- 
velopment; but, after the operation is accomplished, the doubt will 
arise whether 'much is gained by using that theory as the defining fact 
of education. 
In the very remarkable article on education contributed Ly James 
l\Iill to the" Encyclopæc1ia Britannica," the end of education is stated 
to be " to render the individual, as much as possible, an instrument 
of happiness, first to himself, and next to other beings." This, how- 
ever, should be given as an amended answer to the first question of 
the "\Vestmillster Catechism-" What is. the chief end of man?" Thc 
utmost that we could expect of the educator, who is not everybo<1y, 
is to contribute lJÍs part to the promotion of human happiness ill the 
order stated. No (loubt the definition goes Inore completely to the 
root of the matter than the German formula. It does not trouble 
itself with the harmony, the many-si(ledness, the wholeness, of the 
individual development; it would admit these just as might be requi- 
site" for securing the final end. 
.James l\Iill is not singular "in hi
 over-grasping view of diP sub- 
ject. The most usual subdivision of education is into php-ical, intel- 
lectual, moral, religiou
, technical. N ow, when we inquire into the 
meaning of physical education, we find it to mean the rearing of a 
healthy human heing, by all the arts and devices of nnrsillg-, feeding, 
clothing, and general regimen. :l\Iill includes thi
 
uhject in his arti- 
cle, and 
lr. IIerbert Spencer devotes a very interesting clJapter to it 
in his work on Education. It seems to 111P, however, that this de})art- 
mcnt may be kept quite separate, important though it be. It docs 
not at all depend upon the principles and considerations that the edu- 
cator, properly so called, Ims in view in the carrying out of his work. 
The discussion of the suhject does not in any way help ns in educa- 
tional matters, as most commollly understood; nor docs it derive any 
illumination from heing placed side by side with the arts of the rccog- 
niz8(1 teacher. The fact of bodily health or vigor is a leading postu- 
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late in bodily or mental training, but the trainer does not take upon 
lJÏl1l
eIf to lay down the rules of hygiene. 
The inadvertence, for so I regard it, of coupling tIle art of health 
with education is easily disposed of, aIH.l does not land us in any 
:lrduous controversies. Very diftèrent iH another a
pect of these defi- 
nitions: that wherein the end of edueatioll i::5 propounded as the pro- 
lnotioll of human happiness, human virtue, human perfection. Prob- 
ably the qualification will at once be conceded, that education is but 
one of the means, a single contributing agency, to the aH-illcluc1iIJg 
end. Nevertheless, the openings for difference of opinion as to w IJat 
constitutes happiness, virtue, or perfection, are very wide. J\Ioreover, 
the discussion has its propcr place iu ethics and in theology, and, if 
brought into the ficld of etlucation, should be rcceived under protest. 
Before entering upon the consideration of this difficulty, the 

reatcst of all, I will ad\.ert to some of the other views of education 
that seem to err on the side of taking in too mueh. IIere, I may quote 
from the younger .....'IilI, who, like his father, and unlike the generality 
of theorists, starts nwre scient{-{ico with a definition. Education, 
according to him, "includcs whatever we do for our:-;elvl'
, aHd \vhat- 
ever is done for us by others, for the exprc
s purpose of Lringing us 
nearer to the perfection of our urrture; in its ]argcst ac('(,},tation, it 
comprebelHls even the indirect eficcts proùuccd 011 clwract<>r awl on 
the human faculties by things of which the direct purposes are differ- 
ent; by laws, hy forms of government, by. the industrial arts, ùy 
modps of social life ; nay, even by plJysical faets not <1epend(>nt on 
the human will; 1)y clïmate, soil, and local position." lIe admits, 
however, that this is :t vcry wide view of the subject, and for his own 
immediate })urpose advances a narrower view, namely: "tlJe culture 
which each gencration purposely gives to those who are to lIe its suc- 
cessors, in order to qualify them for at, least keeping up, and, if pos- 

ible, for raising, the improvement which has becn attained. "-(" In- 
augural Adùress at St. Andrews," p. 4.) 
Beside:s illvolving the disl-mte as to what constitutes" perfection," 
the first and larger statement is, I think, too wide for the most com- 
}>rehensive philosophy of education. The influence's exerted on tJJe 
human character by climate anù geographical position, Ly arts, laws, 
govermnent, and modes of social life, cOlJstitnte a very interesting 
department of sociology, and have their place there and nowhere else. 
'Vhat we do for ourselve:s, aud wþ.at others do for us, to bring us 
nearer to the perfcction of onr nature, may be education in the pre- 
cise sense of the word, and it may not. I do not see the propriety of 
including under the subject the direct operation of rewards anò pun- 
ishments. No doubt we do something to educate OlU'selves, and E.oci. 
ety does something to educate us, in a sufficiently proper acceptation 
of the worò; but the ordinary influence of socipty, in the dispensing 
of punishment and reward, is not the essenti.al fact of education, as I 
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propose to regard it, although an adjunct to some of its legitimate 
function
. 
l\Iill's narrower exp.ression of tl
c scope of the 'iubjef't is not px:- 
actly elTolleons; the moulding of each generation by tIle one pre- 
ceding is not improperly described as an education. It is, however, 
gl.andiose rather than scientific. Nothing is to be got out of it. It 
does not give the lead to the subsequent exposition. 
I find in the article" Education," in "Chambel.s's Ellcyclopædia," 
a definition to the following effect: "In the widest sense of t}1e word 
a man is educated, either for good or for evil, l)y everything that IJC 
experiences from the cradle to the grave [say, rather, 'formed,' 'made,' 
, influenced'J. But, in the more limited and usual sense, the term edu- 
cation is confinc<1 to the efforts maJe, of f'ct purpose, to train men ill 
a particular way-the efforts of the grown-up part of the community 
to inform the illtcllect and monld the character of the young [rather 
too much stress on the fact of influence from without]; and more 
especial1y to the labors of professional educators or schoolmasters." 
The concluding clause is the nl'arest to the point-tIle :nts and 
methods employed by the schoolmaster; for, although he is not alone 
in the work that be is expressly devoted to, Yt't he it is that typifies 
the process in its greatest singleness and purity. If by any investi 
gations, inventions, or (liscnssions, we can improve his art to the idea] 
pitch, we sha1] have (lone nearly all that can ùe required of a science 
and art of education. 
I return to the greater difficulty-namely, tbe question, what iR the 
end 'of all teaching; or, if the end be human happiness and perfection, 
what definite guidance docs this furnish to the educator? I have 
already remarked that the inquiry is acknowledged to belong to other 
departments; and, if in these departments clear anJ unanimous an- 
swers have not he en arrived at, tlw educationist js not bound to make 
goo(l the deficiency. 
For this emergency, there is one thing obvious, another less obyi- 
ous; the two together exhausting the resources of the educator. 
The ohvious thing is to fix upon whatever matters people are 
agreed upon. Of such the Bum1)cr is considerable, and the instances 
important. They make the ulliver
al topics of the schools. 
The less oLvious thing is, with reference to matters not agree<1 
upon, that the educato!' should set forth at what cost these doubtful 
acquisitions would JJave to be lllade; for the cost must be at least oue 
elem('nt in the decision r()specting them. "\Vhoe,'er knows most about 
education is best aùle to say how far its appliances can cope with 
such aims as softening tIle manners, f'eenring self-renunciation, bring 
ing ahout the ùalanced action of all the powers, training the whole 
man
 etc. 
'Ve shall see that on(' part of the science of education consists in 
giving the ultimate analysis of aU complex growths. It is on :;!uch 
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an analysis that the cost can be calculated; and, by means of this, we 
can best observe whether contradictory demands are made upon the 
eGucator. 
What we have been drifting to, in our search for an aim, is the 
work of the school. This may want a little more paring and rounding 
to give it scientific form, but it is the thing most calculated to fix and 
steady our vision at the outset. 
Now, in the success of the schoohnaster's work, the first and 
central fact is the plastic property of the mind itself. On this de- 
pends the acquisition not simply of knowledge but of everything that 
can be called an acquisition. The most l)atent display of the power 
consists in mcmory for know ledge imparted. In this view the leading 
iU<luiry in tIle art of education is how to strengthen memory. 'Ye 
are, therefore, led to take account of tlle t:;everal mental aptitudes that 
either directly or indirectly enter into the retentÏYe function. In other 
.words, we must draw upon the science of the human minJ for what- 
ever that science contains respecting the conditions of 11lemory. 
Altbough memory, acquisition, reteutiv('ness, depends mainly 
upon one unique lwoperty of the intellect, which accordingly demands 
to he scrutinizeJ with the utmost care, there are various other prop- 
erties, intellectual and emotional, that aiù in the general result, and 
to each of these regard must be had, in a science of educatioll. 
'Ve have thus obtained the clew to one prime division of tlJe sub- 
ject-the purely psychological part. Of no less conseqnence is an- 
other department, at present without a 11ame-an inquiry into the 
proper or natural order of the different subjects, grounded on their 
relative simplicity or complexity, and their mutual dependence. It is 
necessary to success in education that a subject should not be pre- 
senteel to the pupil until all the preparatory subjects haye been mas- 
tered. This is obdous enough in certain cases: arithmetic is taken 
before algebra, geometry before trigonometry, il1Ol'gauic chemistry 
before organic; but in many cases the proper order is obscured by 
circumstances, and is an aflhir of very delicate consideration. I may 
C:1l1 this the analytic, or logical, Jepartment of the theory of edu- 
cation. 
It is a part of scientific method to take strict account of leading 
terms, by a thorough and exhaustive inquiry into the meanings of 
all such. The settlement of Ìl1any questions relating to education is 
embarrassed by the vagueness of the single term" discipline." 
Further, it ought to be pointeel out, as specially applicable to our 
present subject, that the best attainable knowledge on anything is 
elue to a combination of gem.'ral principles obtained from the sciences, 
with well-conùuctecl observations and experiments made in actual 
practice. On every great question there should be a convergence of 
both lights. The technical expression for this is the union of the 
deductive and inductive methods. The ùeJuctions are to be obtained 
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apart, in their o,'nl way, anù with all attainable precbion. The induc- 
tions are the luaxims of practice, pnrified, in the first instance, by 
wiùe comparison and by the requi::;ite precautions. 
I thus propose to remove from the science of education matters 
belol1ging to nU1Ch wider departments of human conùuct, alH.l to con- 
centrate the \'ie\V upon what exclusively pertains to educatiou-the 
means of building up the acquired powers of lmman beiugs. The 
communication of knowledge i
 the reacly type of the proce
s, but the 
training operation enters into parts of the mind not illtcllectual-tlw 
actidties and the emotions; the same forces, however, being at work. 
Education docs not embrace the employment of all our intellectual 
functions. There is a different art for directing the faculties ill pro- 
ductive labor, as in the profession::;, in the original investigations of 
the man of science, or the creations of the artist. The priuciplcs of 
the human mind are applicable to hoth dt'partments, but, although the 
two come into occasional contact, they are so far distinct that there is 
an aJvantage in viewing them spparately. In the practical treatise of 
Locke, entitled" The Conduct of the UnderstanJing," acquisition, pro- 
duction, and invention, are handled promiscuously. 
BEARINGS OF PHYSIOLOGy.--The science of physiology, coupled 
with the accumulated empirical ohservations of past ages, is the ref- 
erence in finding out how to rear living beings to the full maturity 
of their physical powers. This, as we ha\"e said, is quite distinct 
from the process of education. 
The art of educa
ion assumes a certain average physical health, 
and docs not inquire into the means of keeping up or increasing that 
average. Its point of contact with physiology and hygiene is Bar 
rowed to the plastic or acquisitive function of the brain-the property 
of fixing or connecting the nervous connections that underlie meIll- 
ory, habit and acquired power. 
TInt as physiology now stands, we Roon come to the eIlll of its 
applications to the husbanding of the plastic faculty. The inquiry 
must proceed upon our direct experience in the work of education, 
with an occasional check or caution fl.om the established physiologi 
calla ws. Still, it would be a forgetting of mercies to undervalue the 
results accruing to education from the physiological doctrine of the 
physical basis of memory. 
On this subject, physiology teaches tIle genel'3.1 fact that memory 
repm
es upon a nervous property or power, su
tained, like every othel 
physical power, hy nutrition, ancl having its alternations of exercise 
and rest. It also informs us that, like every other function, the plas, 
ticity may be stunted by inaction, ana impaired by over-exertion. 
As far as pure phy
iology is concerned, I invite c\'cryhoùy to . 
reflect on one circumstauce in particubr. The human boJy is 3. great 
aggregate of organs or interests - mnscles, digestion, respiration, 
senses, brain. 'Vhcn fatigue oyertakes it the organs gellenl11y suftèr; 
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when reno\.a1ion lws set in, the org::ws generally are invigorated. 
This is tbe first and most obvious consequence. It has next to be 
qualified by the remark that human beings are unequally constituted 
as regards the various functions; some being strong in muscle, others 
in stomach, other
 in brain. In all such persons the general invigo- 
ration is unequally shown; the favored organs receive a share })1"0- 
portioned to their respecti\.e capitals: to him that hath shall be given. 
Still more pertinent is the further qualification, that the orgaIl that 
happens to be most active at the time receiv
s more than its share; 
to exercise the several organs unequally is to nourish them unequalJy. 
To come to the point as regards our immediate ollject. To increase 
the plastic property of the mind you must nourish the brain. You 
naturally expect that this result will ensue when the body generally 
is nourished: and so it will, if there be no exorbitant demands on the 
part of other organs, giving them snch a preferl'nce as to If'ave very 
little for the organ of the mind. If the digestion or the mm:cles are 
unduly drawn upon, the brain will not respond to the drafts made 
upon it. Obversely, if the brain is 80 constituted l)y nature, or so ex- 
cited by stimulation, as to absorb the lion's share of the nutriment, 
the opposite results win appear; the mental functions will be exalted, 
and the other intf'rests more or less impoYeri
hea. This is the Fitua- 
tion for an alJundant di
l'lay of mental force. 
But we must further distinguish the mental fUllctions themselves; 
for these are very different and mutually exclusive. Grpat refinement 
in the subdivisions is not necessary for the illustration. The broadest 
contrast is the emotional and the intellectual-feeling as pleasure, 
pain, or excitement, and feeling as knowledge. These two in extreme 
manifestation are hOf:tile to each other: under extreme emotional 
excitement the intellect suflèrs; under great intellectual exertion the 
emotions suhside (with limitations unnecessary for our purp('sp). . 
But intellect in the largf'st sense is not identical with the reten- 
tive or plastic operation. The laws of this pe
uliar phase of our in- 
telligenC'e are best obtail1l'd l)y Ftudying it as a purely mental fact. 
Yet there is a physiological way of looking at it that is strongly con- 
firmative of our psychological observati,:ms. On the physical or 
physiological side, memory or 3equisition is a series of new nervous 
gro,vths, the establishment of a number of beaten tracks in certain 
lines of the cerebral substance. Yow, the presumption is that, as 
regards the claim for nourishment, this is the most costly of all the 
processes of the intelligence. To exercise a lwwer once aC'quire(l 
should be a far easier thing, much less expensi\'e, than to build up a 
new acquirement. We may be in sufficiently good condition for the 
one, whHe wholly out of condition for the other. Indeed, success in 
acquirement, looking at it fI'om the physiological probabilitie8, should 
be the work of rare, choiC'e, ana happy moments; time
 when cerebral 
vigor is both abundant an(l well-directed. 
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BEARI
GS o
 P8YCIIOLOGy.-The largest chapter in tlw science of 
education ml1
t he the following out of all the psychological laws 
that bear directly or indirectly upon the proce:5s of mental acquire- 
ment. Evpry hranch of psychology will be found asailaùle; IHl
 
more especially the psychology of the intellect. Of the three great 
functions of the intellect, in the ultimate analysis-di
criminatioIl, 
agreement, retentiveness-the last is the most completely itlentilictl 
with the education process; but the others enter ill as constituents in 
a way peculiar to each. I will select for my present paper, DI::'CRUU- 
NATIO
 and RETE:NTIYE:NESS; anù will ende:.lyor to extract, from the 
discussion of these great intellectual functions, everything that they 
appear to yield for the ends of the ('ducator. .Although I can impart 
no novelty to the general statempnt of these functions, it is po!-;si- 
ble to make some unhackneyed remarks on -their educational conse- 
quences. 
DISCRDn:NATIO
.-1Iind starts fr01n l1iscrimination. The conscious- 
ness of difference is the beginning of every intellectual exercise. To 
encounter a new impression is to be aware of change: if the heat of 
a room increases ten degrees, we are awakened to the cin:umstance 
IJY a change of feeling; if we have no change of feeling, no altered 
consciousness, the outward fact is lost upon ns; we take no notice of 
it, we are said not to know it. 
Our intelligence Ü:, therefOl'e, absolutely limited by our power of 
discrimination. The other functions of intel1ect, the retentive power, 
for ex:ample, are not called into play, until we have first di!':crimi- 
nated a number of things. If we did. not originally feel the difference 
between light and dark, hlack anò white, red and yellow, there would 
be no visible scenes for us to remember: with the amplest endowment 
of retentiveness, the outer worhl couhl not enter into our recollection; 
the hlank of sensation is a hlank of memory. 
Yet further. The minuteness or delicacy of the feeling of differ- 
ence is the mea'iure of the variety and mnltitlHle of onr primary 
impre!':sions, and therefore of our stirred-up rpcollection
_ JIe that 
hears only twelve discriminated notes on the lllusical scale has his 
remembrances of sounds bounded by these; he that feels a hundred 
8en
ible differences has his ideas or recollections of sounds multiplied 
in the same proportion. The retentive power works up to tll(' height 
of tJIC discriminative power; it can do no more. Things are not re- 
lnemhere(l if tllPY have not first been discriminated, 
'Ve h:n'e hy nature a certain power of discrimination in ('ach de- 
partment of our sensibility. ,'T' e can from the outset discriminate, 
more or less delicately, sights, sounds, touches, smells, tastes; and, in 
each sC'Ilse, some persons mnch morC' than otlH'rs. Thi8 is the tleC'JH.'st 
foundation of disparity of intellectual character, as wpll as of variety 
in likings and pursuits. If, from the beginning, one man can interpo- 
late fh-e shades of discrimination of color where anotl11'r can feel but 
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one transition, the careers of the two men a.re fores}}adowcd and ,,,,ill 
be wiùcIy apart. 
To observe this native inequality is important in predestining the 
child to this or that lin
 of special training. . For the actual work of 
teaching, it is of more consequence to note the ways and Incaus of 
quickening amI increasing the discriminating aptitude. Bearing in 
mind the fact that until a difference is felt between two things intelli- 
gence has not yet made the first step, the teacher is bound to consider 
the CirCllIl1stallces or conditions favoraùle and unfavorable to the 
exercise. 
1. It is not peculiar to discrimination, but is common to eyery 
nlCntal function, to lay down, as a first conùition, mental -vigor, f1'e8h- 
lle

, and wakefulness. In a low state of the mental forces, in languor, 
Or clro'wsiness, dificrences cannot ùe felt. That the u1Ïllcl should be 
ali\"e, awake, in full force and exercise, is necess
ry for eycry kind of 
mental work. The teacher needs to quicken the mental alertness by 
artificial means, w1)(>n there is a dormancy of mere illdolence. lIe has 
to waken the pupil from the state significantly named indifference, the 
state where differing impressions fail to be recognized as di::;tinct. 
2. The nlÍnd nlay be fresh and aliye, but its elwrgies may be 
takiug the -wrong direction. Tl1cre is a well-known antithesis or op- 
position l)('t ween the emotional and the intellectual activities, leading 
to a certain incompatibility of the two. 'Gnder emotional excitement, 
the intellectual energies arc enfeebled in amount, and enslaved to the 
reigning emotion. It is in the quieter states of mind that di8crimi- 
nation, in common with other intellectual po'wers, works to advan- 
tage. I will afterwanl discuss more minutely the yery delicate 
matter of the management of the various emotions in the WOl k of 
teadling. 
3. It must not be forgotten that intellectual exercises arc in 
themselves essentially insipid, unattractive, indifferent. As exertion, 
they impart a certain small degree of the delight that always attends 
the healthy action of an exuberant faculty; but this supposes their 
later deye!opmenÜI, ana is not a marked peculiarity in the child's 
commencing career. The first circumstance that gh"es an interest to 
discrimination is pleasuraLJe or painful stimulus. Something mu
.t 
hang on a difference ùefore the mind is Inade energetically awake to 
it. A thoroughly disinterested difference is not an object of atten- 
tion to anyone. 
The transitions from cold to hot, dark to light, strain to relief, hun- 
ger to repletion, silence to sound, are all more or less interesting, and 
all more or less impressive. But then they :Ire yehement and senEa- 
tional. It is necessary, in order to the fnrllis}lÍng of the intelligence, 
that smaller and less sensational transitions should be felt; the intel- 
lectual nature is characterized by requiring the least amOUl)t of emo- 
tional flash in order to impress a difference. .A loud and furious 
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demollstration will certainly compel attention and end ill the feeling 
of difference, but the cost is too great to be often repeated. 
4. The great practical aid to the discovery and the retention of 
difference is immediate succession or , wbat comes to the same thin<r 
ð' 
close juxtaposition. A rapid tram;Ïtion makes evident a diftèrellce 
that would not be felt after an interval, still less if anything else 
were allowe(l to occupy the mind in the mean time. This fact is suffi- 
ciently obvious, and i::; turneù to accouut ill easy cases, but is far 
from thoroughly worked out by the teacher and the expositor. ...\llY 
trifling diversion will suffice to blind us to its importance. 
'Ve compare two notes by sounding them in close succes!',ion; two 
shade8 of color by placing them side by side; two weights by hol<1- 
iug them ill the two hands, and attending to the two feelings by 
turns. These are the plain instances. The compari::;on of forms leads 
to complications, anù we cease to attempt the same kind of com}Jari- 
SOIl. For. more length we lay the two things alongside; so for an 
angle. For number, we can place two groups in contiguous rows- 
three by the side of four or five-and observe the surplqs. 

Iere size is an aftà.ir of simple juxtaposition. Form, irrespective 
of size, is le::;s approachable. A triangle and a quat1rangle are COIll- 
paret1 by counting the sides, anù resolving the diftèrence of form 
into the I-iimpler element of difference of number. A. right-angletl, 
an ac
Ite-angled, an isosceles triangle, must be compared by the juxta 
position of angles. A circle and an oval are represented by the alter- 
nati\'es of curvature and diameters: in the one, the curvature uni- 
form anù the diameters equal; in the other, the curvature va!'ying 
and the diameters unequal. The difference between a close allù an 
open curve is pa.lpable enough. 
The geometrical forms are thus resolvable into very simple bases 
of comparison; anù the teacher must analyze them in the manner now 
stated. For the irregular and capricious fOIms, the elementary con- 
ceptions are still the same-lineal size, number, anguhr size, cm.va- 
ture-but the nlode of guiding the attention may be various. Some- 
times there is a strong and overpowering similarity, with a small anù 
uncollspicuous difference; as ill our ciphers (compare 3 and 5), anJ in 
the letters of our alphabet (0, G), and still more in the IIcbrew alpha- 
bet. For such comparisons, the difference, sucl, as it is, neeùs to he 
very clearly drawn or even exaggerated. .Another method is to have 
models of the same size to layover one another, so as to hring out 
the difference through the juxtaposition. By an exprcss effort, the 
teacher calls on the learner to view, with single-minde(l attc>ntioJl, the 
differing circumstance, and afterward to reproduce it by his own 
hand. An express lesson con:::;ists in asking the pupil what are the 
ciphers, or the letters, that a.re nearly alike, and what are the points 
of difference. 
The higher arts of comparison to impress difference are best illus- 
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trated when hoth differences ana agreements llave to be noted. They 
would ha\.e to be resumed after the discussion of the intellectual force 
of agreement or 
imilarity. The chief stress of the present eXI,lalla. 
tion lies in regarding discrimination as the necessary prelude of every 
intellectual impression, as the basis of our stored-up know ledgé, or 
memory. Agreement is pn
supposed likewise; but there is not tIle 
same necessity, nor is it expedient, to follow out the worl.-:ings of 
agreement, before considerillg the plastic power of th(> intellect. 


... 


TIlE PTIODlJCTIOX OF COGX.A.O BR...\.NDl"'. 


r r IIEHE is a small district in the south of FraIH
e known as the 
Deux Charente
, which has 3. commercial centre ('aIled Cogllac. 
.From the grapes of this di!:;trict there <,omes a wine, aud from this 
wine there is. distilled a ceIl'hrah.-ù liquor which is named afttr the 
place, and call
ll Cognac lJJ"((ud!J. This spirit, eall de vie supérieure, 
as the French call it, is liketl l>y a great many people, and })ate'd lJY a 
great many more, so that it may fairly be' assumed as an object of 
general interest. .A writer in tll(' I'all J.l[((ll Gazette has heen at the 
pains to collect a large amount of information concerning it, to which 
we are indebted for the ::;uLstance of the following statements. 
England con:o-nmes by frrr the greater l)art of the supply; English 
firms practically control the export traðe; and English influence i:::; 
so potent in Cognac, that the rural population of the department 
speak jocularly of the place as the "little English town on the river 
CLarente. " 
The Cognac-branòy district begins at Angoulême, ahout three 
hundred milt's south of Paris, and comprises from fifty to sixty f'qllare 
miles. It is divided into five parts, and is cut in two hom east 
to west by the river Charente. The parts are, in t11e order of their 
importance as estahlished by the quality of the brandy they produce, 
though in the inverse order a::s to Eize, as follows: the Grande Cham- 
pagne; the Petite Champagne; the EOl.aeries, a strip of land along 
the banks of the Charente opposite the Grande Champagne; the Fins 
Bois; and the Bon Bois. The country if' undulating. The surfhce, 
dotte(l with towns and viUages, and diver::;ificd by occasionrrl tracb of 
woodland between bright-green pastures on either bank of the river, 
i
 divided into fields spotted with walnnt-trees and vineyard:-:, with 
reel-roofed farm-houses, and traversed by broad roads ]ined with rows 
of tall elms and poplars. The soil is prineipa1Jy clayey and flinty 
rock, supported by a bed of chalk or limestoue, and occasionally of 
marl, that in the Grande and Petit Champagnes being of the best 
qualit y. 
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E
tlt de 1)ie is a French term equivalent to the :Engljsh word spirits, 
and hence is applie:\ùll' to alcohols dt'ri ved from any source. nut tbe 
eau de uie de Cognac i
 the spirits obtained by distillation of the fer 
mented juice of a few varieties of grape, chief :111101lg whicb is la 
fvlle blancAe as it is called. This is a white grape. The name, which 
means literally" tke 'white fool," is prohably due to the fact that the 
folle blanche produces only a very inferior wine, which commands 
but eight cents a gallon, while a com mOll red wine brings sh.tccn. 
In the Deux Charentes there are three kinds of vineyards, called 
" v ignes pleines,"" vignes en allées," and" vi[l'ws à bæuj's." In each 
the vines are planted in rows, which in the first are five feet apart. 
lIanù-Iabor i
 generally employed in the cultivatiou, though the 
plough is used to loosen the grouud where the rows are wide enough 
apart. The vi!Jnes en allées cOllsist of long, narrow strips of lalld 
plalltecl with vines ill rows, every fourth or fifth row or so having a 
slip of ground sown with grain or vegetables in between. In these 
vineyanls, which arp more COlllmon in the Grande Champagne, the 
\rines as a rule are planted rather wide apart. The vignes à baJlifs are 
so termed from the rows being wide enough apart (from five to :six feet) 
to admit of oxen and a plough passing between. The vines, as a rule, 
are left without supports. The proùucers are mostly small farmers, 
who cultivate their own vineyards, with little if any help. 'Yhen help 
i:o; employeJ, the wages vary from two to three francs a t1ay, according 
to whet.her meals are furnished or not. TIH'se peasant proprietors are 
a frugal, saving class, and are not uncommonly rich. 
It is unpleasant to rela.te that a speedy and almost complete sus- 
pension of this important industry is threatened in the ra,.ages of 
the Pl'ylloxera vastatrÜ
, a minute and (to the naked eye) invisible 
insect, that IHeys on the roots an<.lleavcs of the vine, to the unfailing' 
destruction of the plant. I..arge rewards offered by the French Gov- 
ernment have had the effect of calling forth a numuer of remedies, 
but none of them have proved efficacious. Durin
 the year just past 
the insect spread nearly all over the Deux Charentes and reduced the 
vintage, so that it now here amounted to more than oue-half a crop, 
and in some places not more than a tenth, the a"erage being aùout 
one-sixth. ::\Iauy farmers, in despa.ir, actually cleared their fields and 
sowed them in grain. In many places a large part of the vines have 
been killed and the influence of the scourge was to cause a general 
neglect of the vineyards. 
The grapes are pieked, for the most part, by women wearing high- 
crowncd flutcd caps, who use a hook-shaped knife to sever the stems. 
Each carries witL her a small woollen Lox with sbpil1g sides, into 
which the fruit is thrown. 'VlH'n thése boxes become full they are 
emptied into the haskets of the men who carry the grapes to the cart 
at the edge of the vineyard. The carts have long bodies and very 
high wheels. and a huge tub, fixell between four upright stal
e:-:. The 
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can.iers, bending beneath their heavy loads, mount a ladder to the 
top of the tub, and by a peculiar twist of the body empty their 
baskets of grapes int.o it. "Tithill the tub is a lad, who treads upon 
the grapes to reduce their bulk, and, in a measure, press out their 
juice. The cart being loaded, is drawn off by a yoke of oxen to the 
neighboring press-house. The grapes are next elTIptied, through an 
opelJing in the wall, upon a sloping stone floor, where they are crushed 
by an ordinary grape-mil], which, however, forces out only a !)ortion 
of their juice. :Formerly the juice was trodden out by the feet of the 
laborers. It runs down the sloIJing floor into a covered trough at 
the lower end, by which it is led into a tank-whence it is emptied 
into the casks, and then left to ferment. 
As already said, the mill does not express all the juice from the 
grapes, and so the" must" is shovpled through an opening in the wall 
into a large, shallow trough at the foot of the press. TheIl it is 
heaped np in the ceutre of the trough, into what is calIt>d the motte, 
a form like a millstone, and subjected to powerful pressure. The 
sides of the molle are now trimmed, the screw loosened, and the trinl- 
mings piled on the top, when the pressure is again applied. This 
process is repeated until the must has been sul)jected to four press- 
ures. Each Jwessure lasts alwut two hours, except the last, which, 
being generally put on in the èvening, continues all night. .K ext 
day the mnst is :-.pread out in the trough, watered from a watering- 
pot, and rakf'd about in the water for an hour. The water being 
dra'wn off, the must is again put under pressure, and t}Je juice ob- 
tained is miycd with the water, and the whole put into a cask to fer- 
ment. 
The must, or juice, obtained from the milling and four previous 
pressure::; is put in casks, vats, or cisterns, to ferment, and it is from 
it that the eau de 'i...'ie supéï.ieure is obtained. The yield of fermented 
liquor in good seasons is, in the Grand Champagne, about 900 gallons 
to the acre; in the Deux Charentes, as a whole, about 500 gallons; 
and in !5ome parts of the Bon Bois as low as 200 gallons. And, al- 
thongh, as alrf>a,ely stated, the vineyards are generally small, crops of 
20,000 to 50:000 gallons from particular ones were formerly kJlown. 
It is to he observed that the method of fermenting the wine in- 
tenc1ec1 for the distillation of brandy differs a little from that l)lusued 
with the red wine of the district: the murk being allowed to remain 
in the juice in tIw last case, while it is not allowed to do so in the first. 
The still comprises a reser\'oir, wit11 a pump for supplying it ft.om 
a large stone tank below, and the usual furnace and retort, with head 
and worm. The average cal)acit.y of the stills throughout the Grand 
Champagne is only about fifty-five gallons at a single operation. The 
wine to be distil1ed having been emptied into 3, square stone tank, 
already referred to, is pumped into the reservoir, whence, through a 
tap, it is conveyed into the retort, which is heated w
th coal, at first 
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to a high degree, and afterward to a lower. .At the end of several 
minutes a few drops of white, translucent liquid issue from the ripe 
of the worm, increasing soon to a little streamlet, which falls into a 
sm:l.ll cask. This lifJ.uiù contains about half its weight of water, and 
is called the brou,illis. It continues to flow until it becomes graùu- 
ally less alcoholic, when a momentary pause occurs in the operation. 
..-\ tap at the bottom of the retort is opened and the boiled wine, a 
Lrownisll 1iqllid, is either put back into the reservoir or allowed to 
run away. The wine from the resen'oir is then turned into the 
retort until the latte1. is about two-thirds full. The same l)rocc:<,s is 
repeated, day and night, until all the wine 1l:1s been converted into 
brouillis, which, being rectified, is then ready. for delivery to the 
Cognac-brandy shippers as eau de vie. The proportion of brandy 
yielded by the wine is not fixed, but variable with certain circum- 
stances. In a vintage of good quality it is one gallon of brandy to 
six or eight of wine; but in unfavorable seasons it is not more than 
one to seven and a half or twelve. N e,vl)
-made wine furnishes more 
spirit than wine twelve months old; and wine fermented in large bulk 
more, ill proportion, than that fl'rmented in small casks. 
Cognac brandy is at first a colorless liquid, hut it gradually ac- 
quires a pale yellow or amber color from the cask in which it is kept 
for a,
eing. 'Vith its natural appearance, however, it ne\'er appears 
to the consumer; public taste having become vitiated to the extent 
of requiring a rich brown or brandy color, which is imparted by a 
mixture of caramel or burnt sugar. Occasionally, too, a little reel 
sanders-wood is used fOlK coloring. The constituents are alcohol and 
water and small quantities of volatile oil, acetic acid, acetic ether, 
ænanthic ether, tannin, etc., anel, as it reaches the cOllsurnC'r, col- 
oring nlatter. 'rhe quantity of alcohol yaries from 48 to 55 per 
cent.; the latter being the standard strength, or "proof." It is 
generally imported into England at 1 to 3 over proof, but the 
strength is lessened by age, so that, when taken from bond for sale, 
it seldom exceeds 3 or 4 under IJroof. The quality of the hraudy 
depends not, as may be generally supposed, on the quantity of 
alcohol it contains, so much as on the minor constituents, notahly the 
ænanthic ether, from which it derives its distinguishing smell ana 
flavor. This fact becomes apparent when it is reflected that, while 
brandy, as is well known, improves with age, it loses thereby a part 
of its alcoholic strength. The very finest hrandies, in fact, a,.C'rage 
from 5 to 10 under proof, and never rise above 2 under proof. In 
this connection, one or two interesting facts may be noted. It has 
alreaòy been stated that the grape from which the finest Cognac 
branity is obtained yields at best an inferior winc. X ow, the best 
wine-making grapes contain a comparatively large proportion of 
sugar, which varies from 12 to 2lì and 30 per cent., and it is the 
sugar th
t in fermentation is conn'rted into alcohol. The follc 
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blanche, however, contains a reIativdy small quantity of sugar, or 
only alJout 7 to 8 per cent. Agaiu, the riper the grape the more 
sugar it will contain, lmt experience has taught the vine-dressers 
of the Deux Charcntes that, if their grapes are allowed to thoroughly 
ripen, the brandy produced is stronger, but proportionally inferior in 
quality. So that all the facts lend confirmation to the statement ju
t 
made. 
It was remarked, a little while ago, that the quality', or " bouquet," 
of the brandy--that is, its peculiar odor-was derived from ænanthic 
ether. This ether is obtained from the seed of the grape, and, accord- 
ing to N enbauer, is a combination of various substances, of which 
caprylic and caproic acid ethers are the most important part. 
The strength at which Cognac brandy is sold in Englanù to con- 
sumers is frOlll 11 to 12 under proof, to 'rhich it is lowered by 
the addition of water, after, it i
 said, it has passed into the hands of 
wlwlesale anù retail dealers. The standard recognized in the bran- 
dy-tlJ:de is 10 under proof, and it is never lowered beyonò. 12 under 
pl'oof, except by special agreement. ß('low] 7 unùer proof it is seiz- 
able by the English excise. 
It is the opinion of those, who have inyestigated the matter, that 
very little, if allY, adulteration is practised before the brandy is 
sLipped from France. Heavy penalties, imposed by the tribunals on 
certain Charente farmers, who some years ago were detected in the 
practice of doubling the quantity of their brandy by sO}Jhistication, 
have operated to prevent other farmers from falling iuto like }Jrac- 
tices; and a still more }>owerful dderrent is that no farnu.'1' eall adl1l- 
ternte his brandy without making it known to ltis neighbors; In 
France no wine or f'pÏ1-it can be moved about without an official per- 
mit, and a ai
tiller in the Charente could not rec(
ive a cask without 
e\-ery1>üdy Imowing it; so that allY one who procured a raw spirit 
would at once become a marked man, and excluded fronl doing bUl:5incss 
with shippers. It is said that the farmers now confine their attempts 
to cheat to o\'er
tating the age of the brandy they ofter for sale. 
Besides water, the adulteration is cl)iefly maùe with inferior spirit. 
In addition to the ùishOlH'sty, there is much injury to health and life 
invoh-ed in the practice. There is a kind of alcohol known as amylie, 
or fusel-oil, contained in the spirits obtained from every substance 
excppt the grape, but in particularly large quantities in the spirits of 
potatoes, beet-root, and Jerusalem artichokt", w llich, being inferior, 
are those chiefly u
ed for adulteration. This fusel-oil is a deadly 
poi
on. Says Dr. G. O. Drewry, "The puhlic would not drink such a 
})oison at auy price if they were once awakem.d to a sense of its ter- 
Tihle nature." It is ne\"er formed in the presence of tartaric acid, 
whicll, aR is well known, ahounds in grape-juice; helice, spirit:::; dis- 
tilled from the pure juice of the grape contain no fusel-oil whate\"er. 
It remaillR, hefore closing this paper, to speak of the manner of 
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collecting the brandy into the shipping-houses in Cognac, anù of the 
treatment it receives therein. It is bought up from the distillers by 
commission-merchants, or shippers, who have large storehouses, sup- 
plied with facilities for filtering, nÚxing, ageing, etc. The two 
largest houses in the trade are those of the celebrated English firms, 
l\Iartel & Co. and Ilennessy & Co.; next to these are Otai'ù, Dupuy 
& Co., and Augier Frères, the oldest house in Cognac; and besiùes 
these are many smaller ones. The farmers gellPrally sell their spirit 
while it is new, or inlmediately after distillation. In the second year 
it is classed" stale," and in the fourth" old." On its arrival at the 
magazine it is tested by a sampler, to see that it corresponds with 
the representations made for it. It is measured in large dépotoirs, 
about 265 gallons capacity, which have glass tubes on the outside to 
indicate the quantity o
 spirit within. This is said to give a fairer 
measurement than smaìIer vessels. "fhe price depen,ls on the strength. 
For the English market this is classed at 58 0 of Gay IÆssac's scale, 
or about 1 0 above English proof. For the French market it is 60 0 , 
and for the American 61 0 . It may as well be stated in this connec- 
tion that England takes nearly the whole supply-her portion in 1875 
amounting to 4,500,000 gallons. A snlall part is consumea in France, 
and other small parts go direct to the north of Europe, South Amer- 
ica, anù the United States. 
Sales of spirits are based on the French scale-or GOo. For each 
degree above that standard the shipper pays the producer 5 per cént. 
extra; while for each degree under he deducts 10 11Pr cent. After 
measurement the spirit is placed in new oaken casks, of the proper 
seasoning, and its age, quality, and origin, are indicated thereon. The 
casks are stored in a series of chambers threaded with tramways for 
moving them about; and in a vast gallery, beneath, stand long rows 
of conical-shaped colossal white vats, each more than twelve feet high 
and nine feet in diameter at its base. Thc::5e are for use in mixing. 
By mixing, the peculiarities of the different varieties of spirit are 
blended, ana 80 the" hran<ls" are muItiplie<l. In this proce
s the 
various kinds are emptied, first, into a copper-plateLl trough on the 
floor ahove the vats, and. at the same time rassed through a filter ot 
flannel; then it is drawn off into the vat below, passing in its course 
through a secon<1 filter of white blotting-paper, surrounded by flan- 
nel. In the vats it is stirreù by paddle,,-in 150me houses worked hy 
hand and in others hy machinery. This completes the mixinp:, and 
the spirit is drawn off into casks or bottles. ana storeJ for shipment. 
A part of tl)e alcoìwl, estimated at 7 to 10 per cent., is 10:-:t by evap- 
oration in the first year of ageing, ana a considerably smaIIl'r part in 
subsequent years. The visible effect of this evaporation is di
played 
in the carbonized appearance of the walls and roofs of the older stone 
houses-a sootiness which the stranger is sure to attribute to the 
smoke of the distilleries, of which, however, there are none in Cognac. 
VOL. x.-28 
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UPS AND DOWNS OF TIlE LONG ISLA
D COAST. 


By E. LEWIS, JR. 


" Daily it i8 forced home on the mind of the geologist that nothing, not even the wind 
that bluws, is 80 unstable as the crust of this earth."-D.ARWIN, in 1835. 


O BSEHV ATIONS made around the Rhores of Long Island justify 
the conclusion that they have undergone important changes in 
time geologically recent. These changes appear to have arisen from 
a series of vertical movements, by which the coast has been alter- 
nately elevated and depressed. 
In conseqnence of these movemellts the shore-liue of the island 
has advanced and again receded, perhaps, in repeated instances: 
being at one time, upon the ocean-side, from fifty to seventy miles 
southward of where the waves now break; while at another period 
the highest hills of the island were largely if not wholly submerged. 
The })ersistence and extent of these movements are interesting and 
importa.nt questions in geology. 'Ve do not know at present how 
great the oscillations of the coast may have been, but enough is 
obvious, in the records they have left in the contour and btructure 
of the island, to show that they have been much greater thall is 
inòicated on the adjacent mainland of 
outhern New EnglanJ. '\Ye 
shall endeavor to follow these records, obscure and perplexing though 
they sometimes are, back to the period in whieh Long Island may be 
said to have had its origin-a period which witnessed the approach 
and presence of a great ice-sheet upon this coast. 
It is not questioned, we believe, that Long Island is a terminal 
glaciallIloraine, and that the material of which it is composed is tbe 
débris of regions over which the ice moved in its progress toward the 
sea. Its underlying portions are beds of Jaminated sands and clays 
which have been reten.ed to pedods antecedent to tIle advent of the 
ice, awl which constitute in one sense a part of the island. Its 
great mass, however, overlies these beds, and presents two general 
forms of structure. One is known as the" unmodified bowlder-drift," 
in which there are no stra.tified beds; the other is the "modified 
drift," or that in which the material has beell distrihuted in layers 
chiefly by the action of waves. :Much of the hill-region of the island 
presents the peculiar 1) ell-Jllel I structure of the one-the stratified 
gravels and sands of Southern Long Island are typical of the other. 
These' differences in structure, and other facts to be mentioned, imply 
great changes in the relative level of land and sea u})on the coast. 
In considering these movements of oscillation it will be convenient 
to notice the latest first, .and others in their order. A persiEtent 
invasion of the ocean upon the shores of the island has taken place 
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in recent time, in consequence of which its bluñs have been unùer- 
mined by waves, and the lowlands suhmerged. Immense bowlders 
lie upon some portion
 of the shores, which indicate tbe sites of recent 
banks and headlands. 
The wearing away of an exposed coa
t, like that of the east end 
of Long Island, suggests a subsidence, by which it is continually 
being brought under dominion of the waves. Did no such change 
occur, the abl;asion would be retarded, or might finally cease, unless, 
indeed, the falling material be removed by a coastwise drift of the 
'water. The tendency of wave-motion is to throw upon shore the 
waste of the cliffs, thus raising a breakwater on which the waves 
expend their force. But, where low grounds along the ocean-margin 
become permanently overflowed, the proof is conclusive that a change 
of relative level has taken place. There has been no abrasion by 
waves, but silently and imperceptibly the tides haye advanced upon 
tIle uplands. 
....\.round the shores of Long Islanù are large areas of recent for('st, 
Bwamp, and meadow, with remains of their peculiar forms of vegeta- 
tion in many cases undecayed, covered by water to depths of from one 
to sixteen or more feet. Some facts illustrating this ,vere presented 
to the Natural IIistory Section of the I.Jong Island IIistorical Society, 
in l\Iay, 1868, a synopsis of which was publi::;hed in the Anwrican 
Naturalist for August of that year. A few of these, with others of 
importance since discovered, are offered in this })aper. 
The movement under consideration is by no means a local one, 
but occurs along the Atlantic border fì'om Lahrador to the Capes of 
Dela ware, and in a lesser degree to Fl0rida. Prof. G. H. Cook, in his 
adlnirable "Report on the Geology of New Jersey," cites maliy in- 
stances along the coast of that f::;tate where swamps of cedar and 
other forms of \'egetation are now submerged, or covered with salt 
meadow. 
On the south side of Long Island are about 40,000 acres of salt 
marsh and meadow. Their vast stretches of level surface, fringed by 
the Great South Bay and the heach on the one side, ana hy uplands 
on the other, present a scene of rare an(1 f'urpa::;sing beauty. The 
meatlow rests upon a flOOl! of grayel and sand. It varies in thickness 
from a few inches at the uplands to eight or ten feet near the Leach, 
and is fillcd with the roots of grasses throughout. It has been formed 
b y O"l'owth ana accumulation at the surface, for the nleadow-g1'3"'SeS 
r, 
thrive only at or near high-tide level where rainfall ana sunshine can 
reach them. The increase of the meadow in thicklle
s has, tht>rcfore, 
just kept pace with the deepening of the water, or in other worùs, 
with the sinking of the coast. 
Beneath the meadows remains oî swamp a11<l forest are found. 
These are fast rooted, and often six feet helleath the 8urface. At 
Islip a great number of stumps are found in the salt meadow of 'ViI- 
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Iiam Nicol, Esq., remains of a forest, portions of which are still flour- 
is.hing on the adjacent uplands. These, 1\lr. Nicol writes, "are of 
oak, and are from twelve to twenty-four inches in diameter." Similar 
ones, he is informed, occur on the north siùe of the beach close to the 
ocean, which are covered by three feet of water at low tide. East- 
ward from this point the bay is broad and shallow for upward of 
twenty miles. The depth of water in it is from three to eight feet, 
with from two to three feet more in some parts of the channel. A 
tradition of the early settlers, which appears to have been received 
from the aborigines, is, that the whole area was once a fresh-water 
swamp, portions of which were so nearly dry at certain seasons of 
the year, that the Indians passed over it dry-footed to the beach. 
A hundred and fifty years ago the bottom of this bay was covered 
in many })laces with remains of swamp vegetation, and stumps of 
trees, to the "great annoyance and astonishment of fishermen." 
It is probable that this section of the bay was at one time a 
swamp or series of swamps like many now found on the contiguous up- 
lands, and sufficiently above the level of the fiea to admit of their free 
drainage into it, for it is certain that they were supplied by the same 
copious streams from the island which now empty into the bay. 
The character of these swamps changed when the tides overflowed 
them. That the bay is comparatively modern is suggested l)y the 
fact that no great mounds of shclls 1 occur near it, such as were left 
by tbe aborigines along other })arts of the coast. Yet it is certain 
that the country was thickly settled by Indians. 1\11'. Nicol writes, 
"Thcre are fields known as old Indian fields whi
h abound in sllells, 
but they nowhere take the form of monnds." 
A. few miles eastward is the beautiful but shallow sheet of water 
known as Tiana Bay. It fills a depression ill the almost level sands 
along this pflrt of the coast, and is npon the site of a pine-forest. 'Y. S. 
Pelletrcau, Esq., of Southampton, informed U3 that he saw ill it about 
three hundred stumps covered at low tide. They are of tJJC same 
species of pine which now grows on the adjacent uplands. 2 
In Peconic Bay, which divides the eastern })art of Long Island 
into two very long necks of land, the submergence of the shores has 
been extensive. :ß1r. E. F. Squires, of Riverhead, noticed not only 
areas of swamp, but of former cedar-forests, now permanently over- 
flowed by the tides. One point is known 3S " Stump Landing." 
On the Borth shore of the island are seyeral tracts of "sunken 
meadow," over which the w3ter at low tide is .from ten to fifteen feet 
1 'Vestward of this portion of the shore of tbe "Great South Bay" are many U In- 
dian shell-beaps," all of them now surrounded by meadows. Some of them, six or more 
feet deep, near the margin of the oCf>an, are covered by cvery tide. These are probably 
very old, and were formed originally at the uplands. 
!l The pitch-pine (Pinus 'j.igida). This tree almost rivals the maritime pine of Eu- 
rope in flourishing at the verge of salt-water. Emerson states that it is not killed by oc- 
casional overflow of the tideH. 



THE LO.LVG ISL.iLYIJ COAST. 


437 


deep. These dead and submerged meaùows are but little decayed, 
and are usually continuous with those now growing upon the shores. 
On the flat shores of tbe south side of the island the encroachment 
of meadow upon the uplands is attended with interesting results. It 
forms first in depressions where the tides overflow. In this way knolls 
of uplaull, cultivatell or perhaps covered with trees, become h;lalH..h;, 
which are ill turn oycrflowed and covered by mcaùow, but some of the 
more elevated ones remain almost at the verge of the ocean. Bar- 
num's, formerly Hog Island, in East Rockaway Bay, now beiug .con- 
verted into an asylum for the paupers of Queen's County, is one 
of these. 
It is weH known that the beach 1 on which the ocean breaks is 
graùually thrown inlanù upon the meadows. TIy this means old 
meadows are sometimes laid bare. It is stated, ill Furman's "An- 
tiquities of Long Island," that when Jones's Inlet was opened through 
the beach during a storm, it was found that the" bottom, laid bare, 
was solid meadow, in which were tråcks of cattle, or of cloven-footed 
beasts." 
The old mcadow-bottoms, and sometimes masses of tlJe tangled 
roots of upland vegetation, are torn up by waves during storms and 
thrown upon the Leach. ""\Ve have seen this turfy matter lying like 
windrows along the surf. ::\..(r. Pelletreau informs us that just oppo- 
site the east end of Shillecock Bay" thei'e was washed out by waves 
a large quantity of what is called meadow-bottom, partially decom- 
pose<l vegetable matter, remains of fresh-water plants. . . . 1\ few 
years since a violent storm washed away the sea-beach near South- 
ampton, exposing at low tide, nearly at the brink of the ocean, a row 
of fence-posts that were pnt down by tIle first settlers." From these 
and other facts this careful observer cQncludes that the ocean, in that 
vicinity, has encroached upon the land about half a mile in two hUIl- 
dred years. 
.At J\lontauk Point, north of the lighthouse, is a low, swampy 
place, over which the tides sometimes rise. 'Ye are informed by l\lr. 
J. F. Gould, who was for many years keeper of the lighthouse, that 
stumps are laid bare in front of this swamp, at the sea-margin, when 
the tiùe is extremely low. ....:\. similar phenomenon occurs at the ex- 
treme westerly end of the island. A few rods south of Fort IIamil- 
ton, at the entrance of N ew York IIarbor, arc the well-known Dyker 
l\Ieadows (Fig. 1). They occupy the site of a swamp which is filled 
with the remains of upland and fresh-water vegetation. 
The swamp w'as originally about a mile long, an<l was in one of 
the vaHey-shaped depressions common on the surface of the Lo
g 
Island drift. It lost its character as a swamp byencroachIr..ent . f 
the tides upon it, and was finally converte\.l into a salt-marsh. Th 8 
1 This breakwater of sand extends from Coney Island to the bills of Montauk, a 
lance of nearly one hundred miles. 
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marsh abounds in stumps; a great number of large size, some of them 
three feet in diameter, have been seen by the writer at the verge of 
low water, and we have found them Illany rods from the shore where 
the water was ten feet dee!).l This area was certainly a portion of 
the original swamp when the land was sufficiently elevated to lift it 
above the levcl ofthese
 
It is not necessary to further illustrate the present subsidence of 
this coast, but evidence of the extent of the movement will be of 
interest. 
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FIG. l.-SECTION THROUGH THE DYKER )IEADOWA. 
Horizontal scale, four inches to the mile; vertical flcale, twenty feet to the inch. 


In constructing the Erie Basin at Brooklyn ill N ('W York IJarbor, 
l\Ir. George B. Brainerd, engineer, found the following series of depos- 
its, the water being tell feet deep at low tide: Three and a half feet 
of mud, sand, etc.; ten feet compact peaty meadow. This gives 
tw('uty-three and a half feet of depression since the bottom of that 
nleac10w was the surface, and covered with vegetation at the level of 
the sea. 
In 1867 John Nadir, Esq., United States Engineer at Fort Hamil- 
ton, carefully examined, by boring, the underlying formation around 
Fort Lafayette. The earth was penetrated to a dC'pth of 53 feet at 
points between 800 and 1,000 fèet from the shore, where the water at 
low tide was ten feet deep. The deposits passpd through were as fol- 
lows: twenty feet coarse sand and gravel, with few broken shens; 
three feet decayed Illeadow, with shells and IJ-iatomaceæ,. seventeen 
feet gravel and sand, with hroken shells; thirteen feet mud, quite 
compact, which appears to have Leen a Illnrsh with scanty v('getation, 
and shells. 1I This indicates a subsidence of the coast of at least sixty- 
three feet, or, in other words, tbe land of the coast was that number 
of feet higher than it now is, when the subsidence began. But there 
is reason to conclude tbat the elevation was mucb greater than sixty- 
three feet. If we take a stpp backward in the orc1er of events, we find 
that, immediately previous to the elevation mentioned, there occurred 
a great depression of the coast. Possibly the highest hills of the 
1 "Cedar-swamps, buried beneath the meadows on the New Jersf'Y coast, have yielded 
Jo
s six feet in diameter, and some with 1,000 rings of growth."-Pro.f. Cook's Report. 
2 The shells were identified by Mr. A. R. Young, of BrookJyn, as foHows: ..L"Vassa 
obsoleta, Anomia ephippiltm, ..L11!./a armaria, Gl.cpidltla fornicata, Sole'll ens!s, and .1.JI!!tilu8 
eddis. 


. 
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island were carried under water. The evidences of this depression 
are found in the numerous beds of stratified sand and gravel-ele- 
vated beaches and other shorè-formations-which 1ie alonO' the cen- 
ð 
tral ridge of hills/ and fronting the ocean from 100 to 260 or more feet 
above the level of th(' sea. At whatever heights these deposits occur, 
they suggest, if they do not prove, submergence of the coast to that 
extent. 
From observations, made by the writer and others, it is ascer- 
tainf>d that the summit of IIempstead Harbor Hill, which is 384 feet 
aùove tide, and the highest land upon Long Island, is a mass of 
stratified sand and gravel. The smne is true of Janes Hill, in the 
'Vest Hill group, said to be 383 feet high, and of Osborn's Hill, 
southwest of Riverhead, the height of which, according the "C'nited 
States Coast Survey, is 293 feet. In these instances, and in others 
similar, the layers are distinct and well definetl. The stratification 
of this material was evidently the work of waves, but, whether of the 
ocean, or of a glacial lake or sea, admits of doubt. ...\.t present we 
cannot determine what the extent, contour, or elevation of the surface 
around these dome-like hills may have been; nor can we ten the 
original extent of the beds of assorted material, remains of which 
now cap the hills. That the denudation has been immense, is every- 
where evident. 
From the summits of the hills mentioned one overlooks southward 
a vast plain which extends to the ocean, ten miles di::;tant; and the 
conclusion seems irresistible that every rood of that distance has been 
the shore-line of first an invading, afterward of a receding ocean, 3nd 
the scene of those great coast-changes which waves produce. 'Ye 
may restore, in ïmagination, the hills of glacial rubhish crumbling 
before ,the stroke of waves, as during an immense period of time the 
subsidence of the land went on. So complete was the work of dis- 
integration, that scarcely a bowlder remains in the low tracts fronting 
the ocean, but are numerous along the margin of the hills, and abound 
in the uudisturbec1 elrift 
 which constitutes much of the hill-region. 
The period of suhsidcnce we are considering is referred to the 
"Champlain" of the geologists, so called hy Prof. C. II. Hitchcock 
from the abundance of its peculiar deposits near that lake. It is a 
Jnarked one in geological history. During its progress the deposits 
1 A. ridge of hil1s, varJillg in height from one hunùred and fifty to three hundred anù 
eighty-four feet above tide, extends, with some interruptions, through Central Long Isl- 
and. They are drift with bowlders; but nowhere show rock in place, as some bave 
slIpposed. 

 Many hbwlders on Long Island are of immense size; one, at "\Ianhassett, contains 
upward of 20,000 cubic feet. Two others now or recently in the same valley are, in cir- 
cuit, 108 and 126 feet respectively. One, on Strong's Keck, in Suffulk county, has a 
content of 14,000 cubic feet. Bowlders arc found on the tops of the highest hills, 
and form an enormolls dp-raps in some places where they have fallen as the banks" ere 
undermined by waves. 
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which the glaciers had left were altered in their contour, and redis- 
tributecl by waters which encroached ll})ol1 and finally covered them. 
The material thus redistributed would be left in layers, chiefly of 
gravels, sands, and clayey sands, if upon the ocean-margin, as is the 
case in Long Island. 
In sinking wells into the beds formed during this period of sub- 
sidence, wood and 8h(>l1s have been found in a great number of in- 
Rtances. The wooel sometimes occurs in logs of large size; oak and 
pine have been identified. 'Ve have a record of sixteen instances 
where wood has recently been found, and many others are mentioned 
by Thompson ill his history, and by l\lather in his excellent report on 
the geology of the islanù. These facts seem to imply that forests 
were upon the adjacent lands, which was not the case during the 
presence of glaciers npon the coast. 
The shells founù are at various c1epths-in one case at Gravcsend 
100 feet belÇ>w the surface-and occur in all parts of the island where 
the stratified drift aùoullùs. They have been found at Flatbush, 
Prospect Park, Bath, East N ew York, Farmingdale, Amagansett, 
and elspwhere. 
The heds in which they occur are not of the low plains only, but 
many feet above tide. .At 
lanhassett, as we are informed by John 
::\1. Clark, Esq., of that place, a wen was dug, and at several feet below 
the surface-rubbi:.;h a layer of what appeared t.o be "creek-mud" was 
found, in which were a great number of shells of the oyster, clam, and 
scallop, many of them unhroken. The layer was about five feet 
thick, and throughout contained not only shells, hut leaves, pine- 
cones, also wood of pille and other species. This interesting deposit 
is about 200 feet above .tide; but the contour of the present surface 
indicates plainly enough that an arm of a bay (Little K eck Bay) 
contiguous extended over this area when the land was sufficiently 
submerged to admit of it. 
It is obvious that only the portion of Long Island which is more 
than 200 feet ahove tide was at that time dry land. 
But the !';ubsiJl'nce was greater than is indicated by this elevated 
deposit. The pcculiar beds of stratified sands and grayels on the low 
plains already refcrrea to, and which prove the former presence of the 
!,;{-':t, are found at elevations of from 200 to 260 feet along the margins 
of the hills, and against or upon the unmodified howlder-c1rift (Fig. 2). 
Beach-sands occur at 230 feet elevation, having the well-known struct- 
ure of such beds. 'Ve have, too, the further fact, already noticed, 
that the tops of some of the highest hills of our island are cOlnposed 
of stl'atified gravel and sand. 
'Vithout insisting further on this f:lct, however, we think a move- 
ment of subsidence is shown thus far of at least 260 feet; but facts of 
a most interesting and important character now being brought to 
light show that this is "but part of the great movement of depression 
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of the period we are considerìng. An artesian well is being l)ored 
on Barnum's Island, already mentioned, within two miles of the ocean. 
The islanù is but a knoll of tillable upl
nd, surrounded hy meadows 
and the waters of the bay. 
The boring has reac
lCd a depth of 368 feet, or ahout 358 feet below 



 



 


FIG, 2.-SECTION FROM HILLS AT CENTRE OF THE ISLAND. NEAR "'nEATLY. TO TIlE OCEAN, 
SHOWING STRATIFIED BEDS OVERLYING TIlE UNMODIFIED DHIFT. 
Vertical section, one inch to five hundred feet. IIorizontnl scction, one inch to three miles. 


tide-level, anù is still in progress. 'Ye present ùelow a statement 
of the series of deposits I)enetrated. Our tahÌe is prepared from 
the record of Theodore F. Carman, Esq., of Hempstead, Long Island, 
engineer of the work, and from eighty specimens of the layers passed 
through, furnbhed by that gentleman: 
1.-70 feet. Yellowish gravel and sand. 
2.-56" Clay. Upper portions with decayed vegetation, "Wood, and lignite. 
3.- 3" Coarse gravel anù sand. 
4.-46" Sands, with clayey crusts anù pyrites. 
5.
2:>" Sands, with some lignite. 
G.-54" Clayey sands. 
7.-94" Fine sand, sandy clay, with much lignite in the more clayey portions. 
8.- 4" }'ine sand. 
9.- 1 " Very firm bed of lignite, in fine decayed vegetable matter and clay. 
10.-10" Clay, with lignite. 
11.- 3" Clay, very fine, without lignite. 
12.- 2" Sandy clay. 
Total, 368 


Our grouping of the deposits may suggest transitions more f'harp 
than the specimens warrant. About 70 feet of the surface is of yelloW" 
or orange colored sand and gravel. Then occurs a Ll'd of day !l0 
feet thick, on the surface of which was found de('ayed vegetahle mat- 
ter ha,'ing a strong oc1or of carbolic acid. 'Y ood finc1ligllite occurred 
in this Lcd. Beneath was founel a layer of coarse gran
l anc1 sand. 
None of the byers penetrated arc of the unmodified drift. No 
Rhells have he en found, nor othcr remains of animal life, excepting a 
yery small fragment of a crinoida.l stem whieh occurred ill a thick 
lJed of coarRC silicious f\ancl 100 fept helow the f\tuface. Thi8 8peei- 
men, which is mnch water-worn, Prof. Dana suggests may he of cre- 
taceous species, but it affin.ds little or no eyidC'llce that the deposit in 
which it was fonnd is of Cretaceom: age. The Silurian and DC\'oniall 
fossils, which occur frequC'ntly in the drift of Long I:-;land, cannot be 
considerea as proof that the acpu
its a.re Silurian or Dcyoni:m. 
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'Vith the specimens before us, we think these surface-beds, to a 
depth of about 180 feet, are post-glacial, and are formed from glacial 
drift. Below this depth the beds are of dark clay and clayey silt- 
like sand, alternating with c1eposits of sand similar to that of the 
beaches upon the coast. Lignite occurs throughout, and a layer of it 
at 353 feet was penetrated with difficulty by the implements employed 
i
 boriug the well. 
The lignite found throws little light on the age of the beds. It is 
Drought to the surface in small pieces, and that from the surface of 
the clay bed at 353 feet was formed from small stems of exogenous 
structure. The same is true of that founa on the bed at 70 feet. This 
deposit of clay, 56 feet in thickness, seems closely analogous to many 
clays now upon, and at variouE depths beneath, the surfåce of tbe island. 
It is evidently a local deposit, such as might occur in a depression of 
the surface. Two tube-wells have been driven at no great distance 
from Barnum's I
land, one 97, the other 194 feet, in which no similar 
layer of clay was detected. 1'0 green sand or marl deposits have 
been found. It seems probable that the beds below a depth of 180 
feet were formed in tranquil waters of no great depth, possibly in an 
estuary sheltered by a beach of sand from the waves, into which 
streams discharged the waste of what was eyidently a forested region. 
That they are preglacial, is, we think, quite certain. The lwriod 
of transitio
 hetween the Tertiary and the Drift, when the distant 
but advancing ice-sheet sent on its swollen streams, best answers the 
conditions. The existence of beds of stratified gravel and sand at 260 
feet above the level of the ocean, and of F\imi1ar beds at 180 feet below 
it, which we refer to the period of the Champlain subsidence, proves 
that a depression took place of at least 440 feet, and further that the 
coast was at least 180 teet higher than now whf'n the depression be- 
gan. That the eleyation was much greater than that will be obvious 
as we proceed. 
The glaci::t1 drift of Long Island, of which tbe Champlain deposits 
were fm.med, is without fossils, excepting Emch as occur in bowlders 
from older beels. But underneath it is a deep deposit of sands, grav- 
els, and clayey sands, in which fossils have been found. Shells of the 
clam and oyster were taken from sands beneath the bowlder-drift at 
Lakeville, at a ({('pth of 140 feet, by Henry Onderdonk, Jr., E
q., and 
a mass of shells, chiefly oyster, were found in 8inkiIlg the well of tlle 
Nassau Gas-Light Company in Brooklyn, 127 feet below the f'urface, 
beneath a layer of unmodified drift, 70 feet thick. In this drift were 
many bowlders. A section of this well is shown in Fig. 3. 
In cliggin
 wells these sandy and gravelly la)Ters are generally 
found beneath the bowlder-drift; and the shells, ,vood, and lignite, 
evidently represent a period of milder climate than IH'evailed during 
the Ice perioil. Possibly they were deposited on the coast by the 
floods and swollen 
treams of the approaching glacier, ana the coarse. 
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ness of the l
pper portions may suggest a shoaling of the coast from 
3;11 upward movement of the land as the Ice period came on. 
That an elevation occurrcd during the l)rogress of the Ice }wriocl 
is evident from the contour, as well as structure, of the drift of Long 
Island. On the north side of the island are numerous fiord vallcys, 
constituting a series of harbors of unsurpasscd beauty. They extend 


. . 
 .0...1 , iJIl. 


1. Surface gravel, 80 feet. 


------ ------- 2. Quicksand. 


B. Bowlder-drift, 70 feet. 


4. Clay, 27 feet. 
.:
::r::.::::::: 5, Oyster-shells, I foot. 


6. Coarse s!lnd. 
FIG. B.-SECTION OF THE NASSAU GAs-LIGHT CO)rPA
Y'S 'WELL I
 BROOKLYN. 


into the iRland from two to six Illiles, having depths of water from 
ten to thirty, and in some instances fifty feet, Beneath tlIe water i
 
a deep deposit of ooze or f'ediment, known to be in one case forty 
feet thick. The banks on either side are from a few fcet to 200 feet 
high. 
It is apparent that these enormous valleys were not wholly cut 
into the drift after it was c1pposited, but rather were maintained 
while the deposit of drift was ill progress, aR valleys 01' watpr-conrses, 
through which glacial streams may have been discIwrged into the 
ocean. These became filled, however, by an excessiye accumulation 
of drift, as from rapid wa
ting of the ice, cau
ing the outflowing 
streams to be arrcsted, and the waters to be discharged ea
twarcl or 
westward from Long Island Sonnet But whether they were fOl.med as 
we suggest, or werc cut into the drift after it was deposited, it is quite 
certain that the coast was sufficie'ntly eleyated to permit the glacial 
floods to sweep the bottom of those YaI1ey
. 
The 70 fpet of drift of the Xassau Gas-Light Company's well is 
wholly below tide, and its unmodified stnwtnre shows that it was de- 
posited above the sea-level, or out of the reach of waves, and further 
confirms the elevation of the coast in the glacial period. 
But evidence of the elmration of the coast during the progress of 
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the Ice age is shown in the interesting fact revealed by the "G nited 
States Coast Survey, and noticed by Prof. Dana, that the old valley 
of the Hudson River exists a well-defined depression in the bed of the 
ocean through a distance of 89 miles southeastward from Sandy 
Hook. It is termed on the Coast Sun-ey chart "a remarkable 
gorge." The soundings show tllat it comprises a continuous series 
of deep depressions in the ocean's hottom. Some of these m'e eight 
miles long and from one and a ha1f to two and a half miles wide. The 
map (Fig. 4), kindly furnished by the publishers of Prof: Dana's 
"l\Ianual of Geology," shows bow the dotted lines of equal depths 
bend toward Sandy Hook, indicating the line of deepest water, or 
the old river-valley in question. 


L t.' 
51:- . ,...-, / 
.....-.:t!!-/ .: ( : ._'. ....5:............ ;- "'. 
':){ /"'J 
/( / , . 
 : .".J/ 
N.J. ': ç
 , : . 

 .. :.". . /
 / ..' 
. 
j -<<.........?:. 
 ./ 
'\ ............

 .' t. "'j 
\. 
::::<'::::
-<

"JU

-'>.. i.

i / ..: ...
:._...__ .._" 
r 
>
:.)
:;' '
:::
::;::::=<:..../,:,.:.:).
::f
:-:::;;::
:é;.
. 
(1 (...,.....
<
, ""\ .. /
:. ::
:":::;: ;;:ffV
;;;;

rr.:::
:> 


FIG. 4.-MAP OF TIIE SUBMERGED BORDER OF THE CO:'iTrYE:'iT OFF LOYG ISLAYD AND NEW JERSEY, WITH 
LIYES OF EQUAL SOUNDINGS IN FATIIOMS. (From Dano.'s "Manual of Geology," p. 422.) 


The Coast Survey chart shows us that at 28 miles from Sandy 
Hook the depression is 90 feet below the banks or ocean-bottom on 
either side. At 39 miles and at 51 miles the depression is 60 feet, 
and at 74 miles it is 72 feet, and at 89 miles it is 492 feet. 
The average depth of the ocean over this depression is about one- 
third greater than on either side. 
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Through this valley, probably much deeper than now, during tIle 
period of elevation the IIndson flowed on its way to the ocean. IIad 
it been, as it now is, deeply submerged, no river could have flowed in 
it, nor could it have been maintained as a valley while the deposit of 
drift was going on. The facts imVly elevation of the region to an 
extent of from 300 to 400 feet above the present level of the sea. 
This would change in a marked manner the aspect of the coast. The 
site of the city of N ew York would be inland and greatly elevated, 
while tbe gorges of the Hudson and East Rivers would be deepened 
and widened by glacial torrents and ice. The ocean-border would be 
from 70 to 80 miles southward from the present shore of Long Island, 
and the deepest point attained in the arteRian well on TIarnum's Island 
would be above the level of the sea. 
There is reason to conclude that the entire subsidence of our coast, 
fronl its greatest elevation in the glacial age to the greatest depres- 
sion of the Champlain period which followed it, was from 600 to 700 
feet, possibly much more than tbat. The elevation which followed 
carried its stratified deposits not only to their present height alJove 
tide, which, as we have seen, is about 260 feet, but nt least 63 feet 
lllore than that when the buried lllarsh at Fort Lafayette was formed 
at the surface. By the present subsidence it is submerged or buried 
to that depth. 
Here we pause. Further ohservations may confirm or correct our 
conclusions. Geology has not a more tangled skein than is presented 
in the structure of Long Island. There is evidence of minor oscilla- 
tions, and pauses of movement, during which great clay deposits 
formed in depressions upon the surface, now deeply covered with drift 
or Etratified sands, affording also some evidence that interglacial 
periods, IJerhaps of mild climate, occurred, but more. observations and 
more facts are needed to justify a definite judgment on the subject. 
Underneath the glacial drift, and underneath the sands which we 
refer to the advent of the ice, are beds of clay and colored sands 
which appear to be independent of the drift, and are referred to Ter- 
tiary or Cretaceous periods. They appear at the surface along the 
north side of the island, and are found buried by both unmodified 
drift and by coarse glacial rublJle. 
'\Ve preRent in talmlar form the series of deposits which seem well 
defined on I....ollg I!-'land, and which represent the probahle order of 
event
, but they are fragmental, and perhaps do not occur anywhere 
in a continuous vertical series: 


1. Shore and other surface formation
. 
2. Stratified gravels and sands of the Champlain subsidence-with fossil 
shells of clam, oyster, and scallop; also wood and lignite. 
3. Coarse glacial rubble in deep beds without fossils, representing floods at 
the close of the Ice period, chiefly on the north side of the island. 
4. Unmodified bowlder-drift without fos
ils. 
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5. Stratified gravels and sands with fossil shells of the oyster, also wood 
and lignite underneath the bowlder-drift. 
6. Laminated sands and clays with decayed vegetation and lignite bave been 
found; also one shark's tooth (C. angu8tidens). 
7. The above beds seem to merge into more clayey sands, and in the deeper 
portions fine dark-colored plastic clay. 
The period we have considered is one of immense duration, but 
throughout there is no evidence of sudden or violent changes. No 
catastrophe bas "set Long Island off from the mainland." In its 
wOIH.lerfully complex structure it is a monument of a state of things 
which has passed away, but also of a series of movements of oscilla- 
tion which bas continued to the present tÏ1ne. 
But it is only after long periods of time that these become obvious, 
ana we realize how completeJy old landmarks bave disappeal'ed. 
The tourist in Italy lingers with astonishment before the erect 
colmnns of the temple at Pozzuoli in the bay of Baiæ, and sees, at a 
height of twenty feet above their base, proof of their long sub- 
mergence in the waters. 
Ioore said of them: 
" These lonely column
 stand sublime, 
Flinging their shadows from on high, 
Like dials which the wizard Time 
lIas raised to count his ages by." 
But., on our own shores, beneath the clear waters, and on the hills 
we eultivate, are records of similar movements, vastly greater in ex- 
tent, and running with marvelous continuity through periods so vast 
that all the centnries which have passed since the Pozzl1oli marbles 
were erected seem but as yesterday. 
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A 
 ....\.merican astronomer, Prof. Young, of Dartmouth College, 
Hanover, New Ha.mpshire, has recently achieved a victory over 
a lH.oblern which has for many years foHea the skill of the best Euro- 
pean observers; and, in so doing, he Inay be said to have added the 
keystone to an arch of no small importance in the edifice of nlodern 
astronomical science. It will be in the knowledge of most of nlY 
readers that astronomers have succeeded, during the last eight years, 
in measuring the rate at which some of the stars travel from or tow- 
ard us, employing fo.r the purpose what is called the spectroscopic 
method. I do not mean here spectroscopic analysis simply, but a 
special application of this now familiar analysis to measure the rate 
at which luminous bodies are approaching us or receding from us. 
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The principle of thc method is very rcadily explained. Light comes 
to us from the heavenly bodics, as from other luminous bodies, in 
waves, which sweep through the cther of f'pace at the rate of about 
185,000 milcs pcr second. Thc wholc of that region over which as- 
tronomcrs have extended their survey, and doubtless a region many 
millions of millions of tiulCs morc cxtcnded, may be compared to a 
wave-tosscd sea, only that instead of a wave-tossed surface thcre is 
wavc-tossed space. At every I)oint, through evcry point, along every 
line, athwart every line, myriads of light-wavcs are at all times rush- 
ing with the inconceivahlc velocity just mcntioned. It is from such 
waves that we have lC'arneù all we know about the universe outside 
our own earth. They bring to our shores news from other worlds, 
though the news is Ilot always casy to decipher. 
All the celestial bodies are in motion amid the multitudinous 
wavcs of space. Something can be learned respccting their motions 
by studying the wavcs. If a strong swimmcr were stemming a series 
of long, rolling waves, their crcsts would pass him in more rapid sue-- 
cession than if he werc at rest; if, on the other haud, hc reversed his 
course, so that waves overtook instead of meeting him, their crests 
would IX1SS in slower succession. One can easily conceive h
w, if he 
knew the exact ratc at which the crests would pass him-so many 
exactly per minutc-were hc at rest, their slower or more rapid suc- 
cession might indicate how fast he himsclf was moving, either from 
or toward them. If he were quite unconscious of his own motion, the 
effect would be simply that the distance from crest to crest would 
seem to be diminished in one case, lcngthened in the other-that is, 
the waves narrowed or wideneJ. Similarly with the aërial waves 
which produce sound. They are scemingly shortened when the source 
of sound is approaching, whether by its own motion or the hearer's, 
and lengthcncfl when the source of sound is receding. In the former 
case the tone of the sound is maùe more acute, in thc latter graver 
than it rcally is. This is strikingly illustrated when a swift train 
rushes past a station, the whistle sounding all thc time, for there is a 
pereeptible lowering of the whistle's note ns the engine passcs a 
hearcr on the platform. 'Vhile the train is appproaching him, he 
hears a note somcwhat sharper than the true note of thc whistle; 
after it has passed he hears a note somewhat flattcr tl13n the true 
note. Still more obvious, evcn to non-ulusical ears, is the corrc:-.pond- 
iner chano'c when two trains l )ass each other. In ...:\ulerica, where a 
o 0 
hideously-clanging engine-bell is used, the change is very remarknhlc, 
insomuch that a person unfamiliar with the arrangement actually 
adopted would suppose a diffcrcnt bell was rnng the moment the 
engine passed the hearer. 
Light traveling also in waves, it is ohvious that a f'imilar effect 
must be produced by approach or recession, if only the rate of motion 
is sufficiently rapid. The swimmer of my first illustration must have 
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a velocity comparable with that of the water-waves, or no change 
will be observed. The trains of the second illustration must have 
a velocity comparahle with that of the aërial waves producing sound, 
or no change of tone will be l)roduced. And in like manner a star or 
other celestial body must be approaching UR, or receding from us, 
with a velocity comparable with that of the ethereal waves producing 
light, or no change of color will be produced, the color of light cor- 
responding with the tone of souna. Unfortunately for this purpose, 
though most fortunately in other respects, light travels at so enor- 
mous a rate that even the swiftest motions of the heavenly bodies 
seem rest by comparison. \Vhat, for instance, is the rush of even 
Newton's comet past its point of nearest approach to the sun, though 
at the rate of more than 300 miles per second, to the flight of light 
over nearly 200,000 miles in the same time? \' ery much as the 
movemt'nt of a person taking only six steps a minute, each less than 
half a yard long, to the rush of the swiftest express'-train. Yet as- 
.. tronOlllcrs have undertaken to measure the approach and recession of 
stars, cloving-in some cases-with less than a tenth part of that 
comet's motion, aIlLl whose velocity, therefore, sinks into still more 
utter insignificance by comparison with that of light. 
Secchi claims (but not justly) to ]u\ye first invented and applied 
the method used for this l'urpose, which consists in noting whether 
some known line of the spectrlUll of a heavenly body changes in 
position-either by moving toward the violet end of the spectrum, 
which would imply approach, or by moving toward the red end, 
which would imply reeession. Of course, the method is exceedingly 
delicate and difficult, involving a number of details which would be 
quite unsuited to these pages; but that, in principle, is its nature. 
Secchi tried the nwthod, and failed to get any results from it, an- 
nouncing his unsucèessful attempt in 
Iarch, 1868. "Then," he says, 
" 1\lr. IInggins retripd (reprit) the method, announcing in April, 1868, 
the discovery that Sirins is receding at the rate of twenty miles per 
second." Secchi should know well, however, that our great spectro- 
scoi)ist did not achieve this success in the few 1veeks between Sec- 
chi's announcement of failure and Huggins's announcement of suc. 
cess. :Mollths had elapsed, during which fluggins had been strug- 
gling with this difficult problem. If the enunciation of the nlethod 
gave claim to the credit of its successfnl application, I myse]f could 
ad vance a stronger claim than Secchi's, for in an essay in F,'aser's 
lJIagrl.-âne for January, 1868, I definitely illdicatecl the nature and 
value of the method. But I would rather refer to the circumstance 
as enabling me to support Huggins's assertion that he was observing 
by this method for lllonths before Secchi announced his own failure, 
for immediately on the appearance of my essay I received a letter 
from Dr. Ilnggins, mentioning (in confidence, until his paper should 
be publislwd) that he had been for some time striving for success 
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by the method I had described. This was nearly three months before 
Secchi's pal)er apI)eared. Subsequently IIuggins observed hy this 
method a numbcr of stars, somc of which be found to be receding 
from us, othcrs approaching us. 
Recently, however, the method itself has been called in question 
-first, ùy ,ran der Willigen, for reasons profcssedly mathematical, 
but unsound; secondly, by Secchi, because of his failure to see what 
Huggins has observed. Secchi had once based his attack on his fail- 
ure to detect by this method the cffects of tbe sun's rotation. As the 
sun's equator is spinning swiftly round, it is nccessarily apI)roaching 
on one side and receding on the other. By some amazing mi
calcula- 
tion, never yet explained, Secchi made the rate of this motion many 
timcs larger than it really is-so large, in fact, that the nwthod we 
have described should have exhibited the sun's whirling motion. 
Small as the effect really is-amounting, in fact, only to a relative 
motion of about two and a half miles per second-Huggins did not 
despair of recbgnizing it; but he failed, though hc used a double and 
twice-acting battery of l)risms (the invention of the present writer- 
so far, at least, as its àuplex character ,"yas concerned) made by JUr. 
Browning. 
lr. Christie, of Greenwich, after resolutely grappling 
with the work of determining star-motions by this method, and in the 
main confirming IIuggins's results, succeeded in recognizing by its 
means the known motions of Venus toward or from thc earth, in vari- 
ous parts of their respective orbits. This was a great triumph, and 
more than met Secchi's objections. TIut Prof. Young has gone, for 
the present, ahead of all other observers by this method. Av'ailing 
himself óf a l)eautiful extension of spectroscopic l)owers, due to Dr. 
Rut
lerfurd, of N ew York, he bas succeedcd in unmistakably recog- 
nizing the effects of the sun's motion of rotation by the spectroscopic 
method. Y onng has made the obseryations so satisfactorily that he 
relies cvcn upon the difference betwepn his results and the measurcd 
rate of the sun's rotation. lIe finds the sun's atmosphere (whence, of 
course, the spectrallincs come) to be traveling fastcr than the sun's 
visible surface. To use his own words, "The solar atmosphere real1y 
swecps forward over the unaerlying surface, in the same way that the 
equatorial regions outstrip the other parts of the sun's surface." The 
ò.iffercnce of rate is about ten miles per minute. For my own part, 
I doubt very much whct1wr so snlan a difference can ùe indicated ùy 
this method. But m.en if we rcgard this part of Young's work as 
not yet provcù-nay, evcn if we go further, and accept nothing more 
than the bare recognition of the sun's rotation by the ncw method- 
he must be congratulated on haying effected the most delicate piece 
of spectroscopic observation yet achieved by man. lIe has placcd 
beyond doubt or cavil a method of motion-measuring the most re- 
markable yet inyented, and likely, as instrumental means iml)l'ove) to 
be most fruitful in }.esults of astronomical interest and importance. 
vor., x.-29 
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N.A.TURE AND LIFE IN LAPLAND/ 


By C. CHA:\IBERLA..IN. 


N O
E who have had experience of travel in Swedish Lapland are 
likely to deny to it the charms of perfect freshness and origi- 
nality. The almost primitive charactcr and habits of the people, the 
singular conditions of their life, the unique splendor of the scenery, 
the bright intoxication of the air, and the glory of the arctic sunsets, 
are all a constant source of pleasure and surprise. For the angler 
there is 
hnost unlimited trout and grayling fishing, with possibilities 
of salmon; and for the sportsman abundance of ptarmigan, willow 
grouse, hares, and wild-fowl of all def'criptions; while the cost of liv- 
ing, not indeed sumptuously, but suffici('ntly well, may be co,'ered by 
two or three shillings a day. Unfortunately, these advantages can 
only be reached by routes so little tempting to the ordinary tourist 
that it appears from the visitor's book at Quickjock that only three 
hundrell persons in twcnty years have braved the .discomforts of the 
approach. Now, howcver, that Norway is becoming hackneyed 
ground, and that all its available streams are rcnted and preserved, it 
is possible that the attractions of I.Japland may ypt counterbalance 
the well-fonndetl objections to the gulf of Bothnia. At the present 
time the trip cannot be recommend.ed to ladies, un1ess they are will- 
ing to put Ut) with Inore than the usual inconvenience and discomfort 
of out-of-the-way travel; but for men, willing to rough it a little, 
there is no hardship or difficulty greater than those with which most 
sportsmcn must be already familiar. 
Stockholm, the starting-point of the expedition, may be reached 
direct by II un and Gothenburg; or, if the land-route be preferred, 
through Calais, Cologne, and IIanlbnrg, and thence, eithf'r through 
Jutlaull to Friedrickshavn, and across the Cattegat to Gothenburg, 
or hy IGcl and I\:orsoer to Copenhagen, and thence by lUalmö to 
Stockholm. For bad sailors the last route is to be preferred, as in 
the other cases the travelet. must make the acquaintance of either the 
Skaggerack or the Cattegat, or of both; and he will probably find 
that their names are not rougher than their waters, and that they arc 
in fact the mORt diaùolical cross-seas on the face of the globe. The 
captain of the little ste
uner which plies l)etwe('l1 Gothcnburg and 
Friedrick
haYn, who has spent the greater portion of his life in ocean- 
ships, informed ilS that he never dared to go below when the Catte- 
g
t was rough, lmt f()unc1 his only safety fi'om sickness in the fresh 
breeze on deck. 


I From an article entitled" A Visit to Lapland, with Notes on Swedish Licensing," 
Fortni[}Ml.u Review, December, 1876. 
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The distinctive beauty of Stockholm is in its situation. Built 
partly on islands in Lake :\1alar, it is intersected in every direction by 
the waters of the lake and of the Baltic, and, with its busy quays, 
broad streets, handsome buildings, l)leasant gardens, and clear atmos- 
l)here, is certainly one of the brightest and most charming capitals in 
Europe. The streets are still enlivened by the gay costumes of the 
peasants, especially those of the nearcst provinces; it is said, how- 
ever, that their use is gradually dying out before the advance of rail- 
roads and other enemies of the picturesque. 
The Swed(>s are undoubtedly a fine race; many of the lllen are 
very tall, and the womcn are almost universally refined-looking alld 
graceful in their carriage. A crowd of Swedes might at any time be 
mistaken by an Englishman for a crowd of the better sort in his own 
country; and in character there is the same resemblance to a high 
average English standard. The middle and trading ela
ses have 
great sympathy with the English nation and its institutions, and are 
rüady at an times to express and prove it; the aristocracy and higher 
ranks of society are more inclined to favor French manners and cus- 
toms, but this is due to the influence of the court and to the origin 
of the ro)-al family. Every educated Swede reads and probably 
speaks English well, and with very slight, if any, foreign accent. 
English newspapers and books of all kinds are largely read, and Eng- 
lish literature is a prominent branch of study at the high or mi<Jdle- 
class schools, of which, as of all other eflucational institutions, there 
is an ample supply in Sweden. All along the coast of tbe gulf of 
Bothnia, in every little town of a few hundred, or at most of two 
or three thousand, inhabitants, there is a large school of this descrip- 
tion, with a fnll staff of ma
ters, lektO'J's, and assistant
, provided ac- 
cording to a fixed scale, and forming part of the general organization 
for national instruction. We met several of these teachers, and 
found them extremely well-informed and intel1igent men, speaking 
English, French, and German, and accepting for the communication 
of these acquirements salaries which would be deemcd totalJy inade- 
quate in any other and richer country. They were all home-taught, 
by books and not viva voce, and hence, though well qualified to trans- 
late English into Swedish, they found it more difficult to rever:;e the 
process and to interpret their thougl)ts into elegant Engli8h. "The 
.weather is deplorable," said one of these gentlemen; "it makes for 
the melancholy, and influences on the humors." 
The fees charged in the schools are modl'rnte, and such as to induce 
a general acceptance of the educational a(h
antnges offered by the 
class for whom they are intended. Primary education in Swedell is 
free and compulsory, though it is seldom necessary to recur to the 
interference of the magistrates. The Swedes cannot be made to 
understand the beauty of our English system, by which a national 
service, undertaken on the distinct ground of its importance to the 
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whole community, is made urpopular by a charge extorted from the 
persons whose ready and voluntary acceptance of tIle service is the 
object desired. They argue that the state, as a whole, is bound 
to secure to all its citizens the opportunity of acquiring at least the 
elementary knowledge whieh is requisite for its security and general 
well-being, and that it is the function of the state to offer this 
instruction free of charge before it attempts to compel any individual 
to avail himself of it. They attribute the almost universal prevalence 
of primary instruction in their country to the existence of these free 
schools, and point to their wide popularity as sufficient evidence of 
the fallacy of tlw proposition, so often taken for granted in England, 
that the poor do not value education wl1Ïch is paid for out of the 
general taxation of the community. 
Steamers leave Stockholm for IIaparauda, at the head of the gulf 
of Bothnia, two or three times a week, calling on the way at the 
ports on the west coast. Against a head-wind these boats roll and 
pitch in an extremely provoking fashion; but, during the summer 
months, the voyage is generally a smooth one. The boats carry stores 
to the towns on the route, and bring back tar, which, with wood, and 
iron from the mine
 of the great Gel1ivara Company-now the sole 
propprtyof an EngJish merchant-constitute the chief trade of the 
gulf. The coast navigation is extremely intricate and difficult, the 
steamer winding its way for hours tlu'ough the fiords and among 
innumerable roc>ky islets. On one occasio'n we bumped over a sunken 
rock, and, if one may judge by the composure of the captain, this 
must be no infrequent occurrence, though it smashed all the crockery 
laid out in the saloon and greatly alarmed the passengers. At night, 
and on the oçcasion of a fog, progress is impossible, and the steamer 
is brought-to and anchored tin daylight or clear weather. 
Our destination was lJUleä, which is reached in about seventy-two 
hours from Stockholm, and is a town of some 2,000 inhabitants, 
situated at the month of the great l.i,rer of the same nan1P.. The 
harbor, after the difficulties of the entrance are surmounted, is a fine 
one, and many English and ot1)er ships lie here, loading timber; it is 
floated down the river from the forests, and cut into planks or made 
up into frames for doors and windows at the saw-mills in the town 
and neighborhood. 
The houses are almost entil.ely built. of wood, and are in many 
cases shops and warehouses, as well as d\yelling-honses, although 
there is little display of goods in the win(10\V
. There is a large 
school, attended by the youths from aU the surrounding district, as 
well as by tllOse resident in the town itself. Luleã i
 the seat of the 
government of the province of N orbotten, whiC'h includes the whoÌe 
of IJaplanll, and has a population of 80,000, scattered over 1,932 
square miles of country. The governor, who has no sinecure, being 
required to visit personally his immense district several times a year, 
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is provideù with an official residEnce and a salary of 12,000 Swedish 
crowns, or about Æ650 per annum. 
On arriving at the inn, which is good and clean, and makcs up 
some forty Leùs, one is struck with a peculiarity of all similar places 
in Sweden, namely, the apparent indifference to visitors exhibited by 
the proprietor. K 0 hearl-waiter, with attendant circle of porters and 
chambermaids, awaits tbe arrival of the guest. The luggage is put 
down at tbe entrance, and the traveler must seck for hiniself his 
rooms and the information he requires; while the lan(llord, with his 
hands in his pockets, regarùs bis efforts from a window with languid 
curiosity. There is no intentional incivility, but it appears not to be 
the custom to welcome tbe coming guest, although to speed the part- 
ing guest there is abundance of hand-shaking and hearty good wishes. 
The curious custom of the Smörgos prevails at these inns, and indeed 
everywhere throughout :5weden ; it consists in a standing refreshment 
provided at a side-table free of charge, and comprising bread and 
butter, cheese, caviare, dried fish and reindeer-flesh, sausages, and 
othcr similar delicacies, to be taken immediately before each regular 
meal, and washed down with branvin and other Heat spirits. In con- 
nection with this performance the SwedeR have an objectionaLle habit, 
which may be called the community of forks, as tbe same implement 
passes rapidly from mouth to mouth and from dish to dish; the rights 
of private property are flagrantly disregarded. 
From Luleä a succession of three small steamers, each making its 
passage to the bottom of considerable rapids, carry the traveler some 
ninety miles up the I..uleä Ri\.er to its junction with the Little Luleä 
at Sto1'1.)3.chen, and across the frontier of Sweden into Lapland, .which 
commences about ten miles below the confluence. The scenery is 
extremely striking, especially toward the end of the road. Thc rivcr 
is a noble stream, never narrower than the Thames at "\Yestminster, 
and expanding at intervals into broad stretches of water which, shut 
in by the windings of the river, present the appearance of consid- 
erable lakes. The banks are lined with the pine-forests for many 
miles, and the dark green of the firs and larches is varied by the 
brighter foliage and sil vel' bark of the birches, which grow in consid- 
erable numbers among tIle other trees. .At intervals, gradually 
getting longer as the distance from Luleii inercnses, the villages or 
settlements of the Swedish farmers l)l"eak the uniformity of the scene, 
and the wooden houses and out-buildings, painted bright reà, with the 
windows and doors picked out in white, and surrounded by small 
clearings with patches of yeHow barley and green pnsture, stand out 
brightly against the sombt"o background of the forests, and gi\'e 
animation and warmth to the landscape. It is difficult to convey the 
peculiar fascination of this scenery. It is duo especially to the 
sharpness and contra
t of color, the bright clear blue of the sky 
giving definÏtenef::s to the outlines of the trees and hills, anù bringing 
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into marked relief aU the incidents of the view. There is something 
bracing in the very appearance of the landscape, to which the noble 
river is an ever-fitting foreground. 
At :5torbachen the river has to be exchanged for the road, and a 
country cart holding two persons, and with or without an a]!ology 
for sl>rings as chance may determine, carries tllO tourist along the 
banks of the Little Luleã to J ockmock, a distance of some thirty 
miles. This drive is in itself a unique experience. The road after 
wet weather is cut up into deep ruts, in and out of which the cart 
plunges with a violence most discomforting to its occupants, who are 
bruised and pounded without the possibility of resistance. It must 
he admitted that the process detracts frOln the pleasure of the excur- 
.sion, which in other respects is extremely interesting. The route 
lies for the whole day through the almost trackless forests. Hardly 
a human being is to be met in these immense solitudes, and the si- 
lence is only broken occasionally by the note of some strange bird 
or the mOVClnellt of the wind through the trees. In many places 
forest-fires have ravaged the country for great distances, and every- 
where there is a vista of blackened stems or falling trunks. In con- 
trast to this desolation, where the fire has not passed, the ground is 
carpeted with the most luxuriant mosses and lichens in all the tints 
of green and refl and yellow, while an occasional clearing, though at 
yery rare intervals, relieves from time to time 3. 8ense of utter loneli- 
ness by the evidence it gives of the neighborhood of human beings. 
The forests cover nearly one-llalf of the whole surface of Sweden, 
and constitute an important part of the wealth of the country and 
the revenue of the Government. In past times they were very care- 
lessly managed, and in many cases were sola outright and without 
conditions to merchants, who ruthlessly cut down the tinIber with 
sole regard to their immeJiate interests. The pine is of very slow 
growth, increasing only one inch in di
llneter in ten years, and reach- 
ing twelve to fourteen inches in a century; and the wholesale destruc- 
tion of young wood has left large tracts desolate and unprofitalJle for 
an indefinite period. The soil is excessively poor, consisting of sand 
with the thinnest possible coating of vegetable mould, so that no or- 
dinary cultivation is possible. 
Now the forests are strictly looked after, and no land is sold; but 
the right of cutting wood, limited to trees of ten inches and uI)Ward 
in diameter, is let for a term of years and by tender, at so much per 
tree. In tha remote districts the royalty is about Is. 3d. per tree, 
and the lessees have in addition to carry out works for deepening the 
rivers and keeping them clear of all obstructions. Twenty years ago 
the value of trees on the ground was not more than threepence or 
fourpence a piece. 
From J ockmock to the end of the journey at Quickjock the mode 
of tr:welillg and th(;' scenery are again changed. The head-waters of 
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the Little Luleä are a series of large lakes, from six to thirty miles 
long, and varying in breadth from two miles to seyen or eight. These 
in turn are fed by two mountain-rivers, which join their floods at 
Quickjock, and pour the united I'tream into the uppermost lake. They 
are travcrsed in long, open boats made of very thin wood, and rowed 
l)y two or thrce men, according to the weight of luggage and the 
length of the journey. These boats are unprovided 'with seats, and 
the })assengcrs have to squat at tbe bottom back to back, or crowded 
side by side; and, as very little movement would l)e sufficient to 
swamp so frail a craft, tbe limbs get .cramped and stiffened, and the 
journey becomes very fatiguing. 'Vith a high wind the broadest 
lakes become rough and dangerous, and on one occasion we sbipped 
so much water that it seemed doubtful whether our expedition would 
not come to an untimely end. Each lake is connected with the next 
by strong rapids, in some cases rising into small waterfalls, and to 
avoid these it is necessary to disembark:, when the luggage is c:1lTied 
on the shoulùcrs of the rowers through the pine-forests to the next 
lake. Throughout this part of the trip the silence can almost be felt, 
and becomes at last oppressive. No living thing is seen for hours ex- 
cept occasional flights of wild birds, or a solitary heron disturbed by 
the passage of the boat. Ilills, gradually developing into mountains, 
and finally covered with snow as the neighborhood of Quiekjock is 
reached, shut in the scene, and the slopes of tbese are cøvered almost 
entirely with stunted pine, tbe birch having nearly disappeared. 
Thcre is, however, no lack of color, as the firs in the sunlight present 
many s1]ades of the darker gt'eens intermingled with a rich brown 
where some disease appears to have attacked the trees. A large 
sweep of pine-forest thus spread out in an amphitheatre of hills, and 
seen from a gn'at distance, might be mistaken for an ex})anse of heather 
and fern, browned by the autumn rains and sun, though of course the 
brighter purples are absent from the Lapland view. 
In the summer months there is perpetual daylight in aU these 
regions, and the midnight sun is visible for some time in June. 'Yben 
we were there, in September, it was light till nine or ten o'clock, and 
never absolutely dark. The sunsets were most gorgeous, dark masses 
of purple clouds being lit up with the intenf.est hues of gold and crim- 
son as the sun went down behind then1, a glowing ball of fire. On 
one occasion the effect was heightened by the appearance of the east- 
ern sky, which shaded off from deepest rose at the zenith, through 
delicate gradations of pinks and purples, into a lovely 1):11e, purc blue, 
in the midst of whieh the full autumnal moon sbone gloriou
ly. 
Tho fishing in the lakes i
 exceedingly good, and.. yory large trout, 
and even f'almon, may 1)0 caught with the minnow and other spinning 
hait. For fly-fishing the best places are the r:1pids between the lnkes, 
through which the boat is screwed ill and out in :1n e:xtren)('ly clever 
and dexterous way by tho boatman, who takes ad vantage of the shel- 
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ter of every rock and stone as he passes from one to the other, whi1e 
the stream shoots by. In favorable wcather an angler may easily 
land a hundred-weight of trout and grayling in a day'::; sport, the fish 
running from half a pound to two pounds in weight. The flies sold 
by thc London makers should be supplemcnted by some of a smaller 
size for bright weather and clear water; one with a body of yello ,v 
silk and grayish-brown wings is said to be very killing. 
Thc distance from J ockmock to Quickjock, tbe two principal vil- 
lages on the route, is about ninety miles, and is performed in three days. 
Each of these places h
s a church, a school, anù a post-office, and 
J ockmock is said to have a shop, though we could not find it. They 
are really collections of small wooden huts, vacant during the summer 
_months, but occupied in the long winter by the Lapps, who then come 
down from the mountains with their reindeer. Quickjock especially 
is in a delightful situation, facing a beautiful lake, and sheltercd 1)y 
mountains of noble outlincs and grand proportions. At J ockmock 
there arc somc fine falls, not unlike the Rheinfalls at Schaffhausen, 
though in a vcry differcnt sctting. The resting-places or stations 
betwee!l thesc two villages are not inns in the usual sense of the word, 
but the houses of the Swedish settlcrs or imlnigrallts into :Dapland, 
onc of which at each settlement is destined for the reception of the 
occasional guests. 
These settlemcnts consist of two or perhaps four houses, with the 
necessary out-buildings, and seem generally inhabited by the several 
members of the same family. Some of them have existed a consid- 
erable time, and are occupied now by the grandchildren or great- 
grandchildren of the original settlers. Originally the Government 
granted free gifts of land, but they have now ceased to do this, and 
the number of the settlers does not appear to be receiving many addi- 
tions from outside. The honscs usually consist of two or more large 
rooms on the ground-floor with lofts above, and vast .chimney-hearths 
in one corner, in which the logs of pine, some two or three fp,et in 
length, are piled upright when a fire is wanted; being lit, they burn 
np in a few n1Ïnutes into a roaring fire which gives out an intense 
heat. The family live chiefly in the kitchen, and this and the guest- 
chamber are about twenty or thirty feet square, and furnished with a 
kind of sofa-bedstead which pulls out so as to afford a sleeping accom- 
modation of about fi ye feet six inches by three feet. The kitchen it- 
self is not o\-er-clean, nor are the personal habits of the people with- 
out reproach in this respect; yet the guest-chamber, the linen, and 
the croekery, leave nothing to be desired. 
The houses are surrounded by a small clearing, w11ere the settlers 
cultivate for their own consumption sufficient oats and other grain, 
hay, and potatoes. They sow their corn in June, and so rapid is the 
growth under the influence of the lengthened days that they reap the 
harvest in six or seven weeks afterward, ana sometimes get two crops 
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in their short seaSOll. The cultivation is restricted to the actual wants 
of the settlement, as the difficulty of transit precludes the possibility 
of a market for the surplus. Cattle and ponies, and sometimes sLeep 
and poultry, are kept at ea<'h station, but the food of the family is 
limited to fish-which is drieù for willter use-milk, black or rather 
brown flat bread, and drieù reinflesh, with an occasional cllange in the 
shape of game or wild-fowl killed on the hills or lakes. EverJ?where, 
even in the poorest houses, the most excellent coffee is obtainable; the 
green berries being roasted over the fire and ground whenever a cup- 
ful or more is wanted. 
In the winter, when the lakes and riyers are aU frozen, and the 
ground is covered three or four feet deep with bard snow, the settlers 
go long distances on sIlow-shoes and in sledges, and bring up from 
Luleä what stores they may require. The money for such purchases 
is gained by winter labor in the forests, where the trees are felled 
and dragged to the water's edge, to be thrown in and floated down to 
Luleä when the ice breaks up. At this work a team of one llOrse and 
two men can earn about 40s. a week, which is considered large wages 
in this part of the world. The legal tariff for a boat in summer is one 
kronor (Is. lid. English) for each man for sev-en miles, with no allow- 
ance for back fare; and a small clricks penningar,. or po'Ur-boire, added 
to this will make them supremely grateful, and insure the generous 
donor many hearty shakes of the hand. 
The settlcrs cannot afford to be ill, as the nearest doctor Ii, es at 
I..uleii, almost a week's journey from Quickjock. In ordinary cases 
they depend on their own resources, but in any Rcrious illness the Lu- 
leä medico is sent for and is obliged to attend, being paid a small sal- 
ary of Æ200 a year by the Government on this condition. l\litlwifery 
is performed by women. Crimes of any kind seem to be very rare; 
and though every settler carries a most ugly-looking dagger-knife 
suspended from his belt, its use appears to be confined to pur
ly pa- 
cific purposes. The most common offenses are against the forest regu- 
lations, and the observance of these is superilltend('d by an officer 
who has his headquarters at J ockmock. On lÜe days, at this latter 
village, a patrol is selected by the Governor of Luleä from among 
the steadiest of the 8ettlt'r
, and to him the preservation of order is 
intrusted. 
The men are phy:sically a fine race, and are generally lwnest anù 
industrious, with an air of independence and straightforwardne8
. 
Like the poorer Swedes elsewhere, they are greatly given to the use 
of tobacco in all forms; and be
ides smoking and chewing in the usu- 
al approved method
, they actually eat large quantities of 
Iluft
 help- 
ing themselves, as the Highlanders do, with a horn spoon from a box. 
The women have pleasant faces, with ratiteI' refined expression. There 
is a strong f..'ìmily resemblance among them, and the type consists in 
1arge gray eyes, brown hair, rather fair comp1c:\.ions, a free carriage, 
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and not ungraceful figure, though with fuU waists and large hands 
and feet. The older women look worn, but hev('r have the haggish 
and almost brutalized look which is not uncommon in old womén in. 
other countries who ha\'e led hard, out-door lives. The general expres- 
sion of countenance is somewhat patbetic, though they seem contented 
with their strange, solitary, and joyless life; and we could never get 
any of them to confess that they would care to change it, nor even to 
complain of what, as it appeared to us,lnust be the terrible monotony 
and hardship of the long, dark winter. In looking at these settlements 
and considering the nature of the life we seemed to understand more 
clearly the position and circumstances of the immigrants who are grad- 
ually pushing Îarther and farther along the shores of the great rivers 
of the American Continent, and carrying into the so1ituc1eR of the im- 
mense forests of the 'Vest the proofs of Anglo-Saxon courage, endur- 
ance, and pertinacity. 
At some of the stations we saw specimens of the original inhabit- 
ants of the lands witIlin the arctic circle, in the pcrsons of Lapp men 
and women of uncertain age, about four feet high, and dressed in 
skins, with blue conical caps on their heads. In K orway it is said 
that the Lapps are looked upon ana treated as an inferior race, the 
l)ariahs of the North; but in Bwedish Lapland there is no appearance 
of such distinctions. The comfort and evcn safety of the settlers de- 
pend so mnch on their gooJ relations with their neighbors that they 
have remained on terms of equality and friendship. Intermarriages 
are not uneommon, and many of the present settlers show signs of the 
Juixture of the races. 
The povu1ation of Swedish Lapland is said to include 4,000 per- 
sons of true Lapp race, aud in some districts this number is increasing. 
The children born in the mountains die fast, but those who remain in 
the villages are healthy. Provision is made for their instruction, and 
in common with the children of the Sw
des they aU lenrn to rpad and 
write, though, judging by the absence of Looks at the settlemcnts, 
they reap little advantage from their instruction. The Lapps were 
converted to Lutheranism some hundred years ago, and are Baid to 1>e 
strict religionists. .At the present time some kind of revival is going 
on among them, a faint reflex of the l\Ioody a.nd Sankey nlovement in 
this country and America. 
They depend for their living entirely upon their reindeer, which 
they take up into the mountains all the summer, feeding them in the 
villages during the winter, when the rein-moss, w]1Ïch is their ordi- 
nary food, is no longer obtainahle in the woods. This migration is 
rendered necessary by the habits of the reindeer, which must be near 
snow to keep in health. 'Yhen on tlleir summer excursions, the Lapps 
Jive in tents made of rein-skins, lying at night round a fire in the cen- 
tre, a hole being left in the roof for the passage of the smoke. Their 
food consists of rein-flesh, fish, and game, and they kecp a pot, like 
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the gypsies, constantly on the fire, into which arc thrown all contri- 
butions in the way of edibles, which are thus stewed down together 
into a thick rich soup
 In the winter they move about on their snow- 
shoes, in the management of which they are extremely adroit, shoot- 
ing down the hills and in :md out of the trees with immense swiftness 
and precision. On these shoes they hunt down both wolves and bears 
whcn these animals, which are now g<,tting scarce, cross their path; 
they kill them with their spears and knives, getting a reward of 
fifty kronor from the Governmcnt for each head killed. The sale of 
spirits is strictly prohibited in LaI)laIld, as some years ago their im- 
moderate use was decimating the population; Lut kegs of branvin are 
still occasionally smuggled across the borders, and produced on the 
occasion off
te8 and holiùays. The Lapps have shrewd, almost CUll- 
ning faces, and, though small in stature, possess great bodily strength 
and endurance. Their habits are extremely dirty, and they appear 
never to change their clothes till they fall to pieces. 


... 


PHYSIOLOGY OF 
IIXD-READIKG. 


By GEORGE M. BEARD. M. D. 


I N the history of Rcience, and notably in the history of physiology 
and medicine, it has often happened that the ignorant and obscure 
have stumbled upon facts and phenomena which, though wrongly 
interpreted by themselves, yet., when investigated and eXI)lainec1, have 
l)roved to be of the highest interest. The phenomena of the emo- 
tional trance, for example, had been known for ages, but not until 
l\Iesmer forced them on the scientific world, by his public exhibitions 
and his ill..founded theory of animal magnetism, did they receive any 
serious and intelligent study. Similarly the general fact that mind 
may so act on body as to produce ÍJ]\.oluntaryand unconscious mus- 
cular motion was by no means unrecognized by physiologist
, and yet 
not until the "mind-reading" excitement two yeal.s ago was it 
c1emonstrateL1 that this }winciple could be utilized for the finding of 
any object or limited locality on which a subject, with whom an oper- 
ator is in physical connection, concentrates bis mind. 
Although, as I have since ascertained, experiments of this kind 
had been previously performed in a quiet, limited way in pri"
lt(' 
circles, anJ mostly by ladies, yet very few had heard of or witnessed 
them; they were associatí'd in the popnlar mind very natura]]y with 
" mesmerism" or "animal magnetism," and by some were called 
"mesmeric games." The physiological explanatioll haù never been 
even f.uggcsteù; hence the first pul)lic exhibitions of Drown, with his 
brilliantly sncce
sful demonstrations of his skill in this direction, were 
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a new revelation to physiologists as well as to the scientific world in 
general. 
The method of mind-reading introduced by Brown, which is but 
one of many methods that have been or may be used, is as follows: 
The operator, usually blindfolded, firmly applies the back of the 
hand of the suhject to be operated on against his own forehead, and 
with his other hand presses lightly upon the palm and fingers of the 
subject's hanc1. In this position he can detect, if sufficiently expert, the 
slightest movement, impulse, tremor, tension, or relaxation, in the arm 
of the subject. lie then requests the subject to concentrate Ids mind 
on some locality in the room, or on some hidden object, or on some one 
of the letters of the alphabet suspended along the wall. The operator, 
blindfolded, marches sometimes very rapidly with the subject up and 
down the room or rooms, up and down stairways, or out-of-doors 
through the streets, and, when he comes near the locality on which 
the subject is concentrating his mind, a slight impulse or movement 
is communicated to his hand by the hand of the subject. This impulse 
is both involuntary and unconscious on the part of the subject. lIe 
is not aware, and is unwilling, at first, to believe, that he gives any 
such impulse; and yet it is sufficient to indicate to the expert and 
practised operator that he has arrived near tbe hidden object, and 
then, by a. close study and careful trials in different directions, up- 
ward, downward, and at various points of the compass, he ascertains 
precisely the locality, and is, in many cases, as confident as though 
he had rect'ived verbal communication from the subject. E\'en though 
the article on which the subject COllcc'ntrates his mind be very small, 
it can quite frequently be picke<.1 out from a large number, provided 
the subject be a good one, and the operator sufficiently skillfu1. The 
article is sometimeR found at once, with scarcely any searching, the 
operator going to it directly, without hesitation, and with a celerity 
and lwecision that, at first sight, and until the l}hysiological explana- 
tion is understood, justly astonish ('ven the most thoughtful and skep- 
tical/ These experiments, it should be a
ded, are performed in public 
or private, and on suhjects of unquestioned integrity, in the presence 
of experts, and under a combination of circumstances and conditions 
for the elimination of sources of error that make it necessary to rule 
out at once the possibility of collusion. 
The alternative is, therefore, between the actual.transfer of thought 
from subject to operator, as has been claimed, and the theory of nn- · 
conscious muscular motion and relaxation on the part of the subject, 
the truth of which I have demonstrated by numerous experiments. 
One of the gentlemen with whom I have experimented, ,T udge 
Blydenberg, who began to test his powers directly after I first called 


1 In New Haven I saw Brown, before a large audience, march off rapidly through the 
aisle and find at once the person on whom the suhject was concentrating his mind, 
although there was the privilege of selecting anyone out of a thousand or more present. 
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public attention to the suhject in K ew Haven, claims to succeed, even 
with the most intellectual persons, provided they fully comply with 
the conditions, and honestly and persistently concentrate their minds. 
One fact of interèst, with regard to his experiments, is the exceeding 
minuteness of the objects that he finds. A large number of the 
audience empty their pockets on the table, until it is covered with a 
medley of keys, knives, trinkets, and miscellaneous sman oLjects. 
Out of them the subject selects a small seed a little larger than a 
pea, and e\'en this the operator, after some searching, hits precisely. 
One may take a large bunch of keys, throw them on the table, and 
he picks out the very one on which the subject concentrates his mind. 
Another fact of interest in his experiments is that, if the subject 
thinks over a number of articles in different parts of the room, and, 
after sonlC doubt and hpsitation, finally selects some one, the oper- 
ator will lead him, sometimes successively, to the different objects on 
which he has thought, and will wind up with the one that he finally 
selected. lIe also performs what is known as the" dou ble test," which 
consists in taking the hand of a third party, who knows nothing of 
the hidden object, but who is connectcd with another party who ùoes 
know, and who concentrates his mind upon it. Tb
 connection of 
these two persons is made at the wrist, and the motion is communi- 
cated from Qne to the other through the arms and Lands. The 
" double test" has been regarded by some as an argument against the 
theory that this form of mind-reading was simply the utilizing of un- 
consciou'l muscular motion on the part of tIle person operated upon. 
This gentleman represents that the sensation of muscular thrill is 
very slight indeed, even with good subjects; and, in ordl'r to deteet 
it, he directs his own mind as closely as possible to the hand of the 
subject. 
In all these experiments, with all mind-readers the requirement for 
the subject to concentrate the inind 011 the locality agreed upon is 
absolute; if that condition is not fulfilled, nothing call be done, for the 
vcry excellent reason that, without such mental concentration, there 
will be no unconscious muscular tension or relaxation to guiJe tbe 
operator. 
Experiments of the following kind I have made r<,peatedly with 
the above-named gentleman: 
A dozen or more pins may be stuck about one inch or half an ineh 
apart into the edge of a table: I, concentrate my mind on anyone of 
these pin
, telling no one. The operator enters the room, gets the 
general direction of the ohject in the usual way (d líl BJ.01rn), and, 
when he has come near to the row of pins, he will limit the physical 
connection to one of his index-fingers, pre
sing firmly against one of 
mine, and in this wny he soon find
 the head of the l}in on wI\Îch my 
lnind has been concentrated. The only limitation of area in the 10ca]- 
ty tlmt can be found. b.y a gooJ. mind-reaùer with a good suhject is, 
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that two objects should not be so near to each other that the finger of 
the operator strikes on both at once. 'Vhen I began the study of this 
subject, I supposed, even after the true theory of the lllatter had be- 
come clear to me, that very small objects and narrow areas could not 
be found in thiH way. Subsequent experiments showed that this sup- 
position was erroneous. In a wide hall, in the presence of a large 
audience, where the subject had the right to think of any object he 
chose, Brown once found, after considerable searching, so limited an 
area as a capital letter in the title of a newspaper pinned up on the 
wall and barely within reach. Aùout an hour after, in the same place, 
he fonnd a very small vial out of quite a large number ranged in a 
row. ..Although reasoning deductively from the known relations of 

ind to body, I had established conclusively to my own mind that the 
so-called mind-reading was really muscle-reading, yet I could not be- 
lieve, until the above-named experiments had been made, and frequent- 
ly repeated, that it was possible for even the most expert operator to 
find sach small objects; and no physiologist, I am snre, would have 
believeù such precision in these experiments conceivable until his 
general deductions had been many times verified, and supplemented 
by observation
 in which every source of error was guardeLl against. 
As already remarked, there are a variety of ways of making the 
physical connection between subject and operator. A lady with 
whom I am acquainte<.l goes out of the room, and while she is absent 
an ohject is hid.den. She returns, and two ladies, who know where the 
object is stand up besiùe her in the middle of the room and place both 
of their hands upon her body, one hand in front, the other behind; all 
three stand there for a moment, the two Rul)jects who know where the 
object is, keeping their mÏ1111s intensely concentrated on that locality. 
In a moment or so this bdy who is to find the object moves off in the 
direction where it is, the other ladies witb her. still keeping their 
hands upon her, and in nearly all cases she finds it. This is accom- 
pIishe<.1 by the unconscious muscular tension of the two lacHes who 
know wlH're the object is, acting upon the person of the lady who is 
seeking it. 
This experiment I have repeated with a number of amateur per- 
formers, and in all cases with pretty uniform success. This method 
is easier, hoth to learn and to practise, than some of the others; it is 
also far less artistic, and is not at all adapted for the finding of very 
small localities. It il1ustrates, however, the general principle of mind 
acting on body producing muscular tension in the direction of the 
locality on which the thoughts are concentrated. 
The relaxation, when the locality or its neighborhood is reached, is 
not so distinctly appreciated in this method of experimenting, which 
is sufficient, however, to enable the operator to get the right direc- 
tion and to 11roceed until the corner or side of the room is reached; 
then, by a combination of manipulation and guess-work, she will, after 
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a few trials, get hold of the precise object hidden, or locality thought 
of. When the operator and suhject are connected by the methods 
practised by Brown, it is possible to detect also the relaxation when 
the locality is reached, and, guided by tbis, the master in the art 
knows just when and where to stop, and, in very many cases, feels 
absolutely sure that he is right, and with a good subject is no more 
liable to error than he would be to hear wrongly or im!Jerfectl y if 
directed by word of moutb. 
The special methods of muscle-reading here described may be va- 
ric>d almost indefinitely, the only essential condition being, that the 
connection between the suùject or sulJjects is of such a nature as to 
easily allow the sense of muscular tension or relaxation to be commu- 
nicated. Instead of two subjects, tllCre may be three, four, or half a 
dozen; or hut one. With a number of suhjects the chances of success 
are greater than with one, for the twofold reason that the united mus- 
cular tension of all will be more readily felt than that of but one, and 
because any single subject may be a bad one-that is one who is capa.- 
ble of muscular control-while among a numùer there will be very 
likely one or more good ones. For these two reasons, amateurs suc- 
ceed in this latter method when they fail or succeed but imperfectly 
after the method of Brown. 
A method frequently used, aIt
lOugh it is not very artistic, consists 
in simply taking the hand of the subject and leading him directly, or, 
as is more likely to be the case, indirectly to the locality on which 11is 
mind is concentrated. 
J. Stanley Grimes 1 thus describes the performance of a mind-reader 
in Chicago: "I repeatedly wItnessed similar performances with differ- 
ent experts in this branch and under circumstances where e"\ ery ele- 
ment of error from intentional or unintentional collusion" as rigidly 
excluded. .At the request of the company the same young lady was 
again SPIlt from the room and blinflfol<1ed, as on previous occasions. 
The gentleman requested the company to suggest anything they de- 
sired the sulJject should be willed to do, thus removing any po
::-il)ility 
of a secret agreement to deceive between the partie
. It was suggested 
that the young lady shoulù be brouglJt into the room ana placeù in a 
position with her face toward the north; that the gentleman should 
then place his fingers upon her shoulder, as hefore; that she 
houId 
turn immediately to the right, facing the south, and proceed to a cer- 
tain figure in the parlor-carpet; then turning to the west, she was to 
approach a sofa in a remote corner of the room, from which 
he :should 
remove a RmaIl tidy, which she sIJOuId take to the oppo
ite f:i<1e of the 
room, and place it upon the head of a certain young g<,utlclllan in the 
company; she was then to pl'oceed to the extreme enll of the parlor, 
and take a coin from the right ,-e:st-poeket of a gcntleman, and return 
to the opposite sitle of the room, and l)lace the coin in the left vest- 
1 "Mysteries of the Head and Heart," p. 297. 
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pocket of another gentleman named; she was then to remove the tidy 
from the head of the gentleman upon whom it had been placed, and 
return it to the tête-à-tête where she originaHy founù it. 
"I must confess to no little surprise when I saw the young lady per- 
form, with the most perfect l)recisiOll, every minute detail, as above 
described, and with the most surprising alacrity; in fact, so' quick 
were her motions that it was with the greatest difficulty that the gen- 
tleman could keep pace with the young lady's movements." 
I have seen a performer-who, though one of the pioneers in this 
art, is far less skillful than many with whom I have experinlented- 
take a hat from the head of a gentleman in a small private circle, and 
carry it across the room and pnt it on the head of another gentleman; 
take a book or any other object from one person to anotber; or go in 
- succession to different pictures hanging on the wall, and perform' other 
feats of a similar character, whi1e simply taking hold of the wrist of tbe 
subject. In the experiment described br :\lr. Grimes the subject placed 
three fingers of his right hand on the shoulder of the operator. X ote 
the fact that in all these experiments direction and locality are all tbat 
the n1Ïnd-reader finds; the quality of the object found, or indeed 
whether it be a movable object at alJ, or merely a limited locality, as 
a figure in the carpet or on the wall, is not known to the mind-reader 
until he picks it up or handles it: then if it be a small ol)ject, as a hat) 
a book, or coin, or tidy, he yery naturally takes it and moves off with 
it in the direction indicated by the unconscious muscular tension of 
the subject, and leaves it where he is ordered by unconscious muscu- 
lar relaxation. In the great excitement that attends these novel and 
most remar1..able experiments the entranced audience fail to notice 
that the operator really finds nothing but direction and locality. 
I have 
ai(l that various errors of ill ference, as well as of observation, 
have been associated with these experiments. A young lady who bad 
been quite successful as an amateur in this art was subjected ùy me to 
a critical analysis of her powers before a large 'private audience. She 
supposed that it was npce::,sary for aU the persons in the audience to 
concentrate their minds on the object as well as those whose hands 
were upon her. I proved hy some decisive experiments, in which a 
comparison was made with what couIll be done by chance alone, that 
this was not necessary, and that the silent, unexpressed will of the 
audience had no effect on the operator, save certain nervous sensations 
created by the emotion of expectancy. Similarly, I proved that, when 
connected with the subjects by a wire, she could find nothing, although 
she experienced various subjective sensations, which she attributed to 
"magnetism," but which were familiar results of mind acting on 
body. 
Another lady, who is quite successful in these experiments, thought 
it was necessary to hiJe keys, and supposed that" magnetism" had 
something to do with it. I told her that that was not probable, and 
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tried another object, and fOllJld that it made no diff<'nnce wllat th
 
. object was. She supposed that it was necessary that the ohject 
should be secreted on some person. I found that this also \\ as not 
necessary. She ùoes not always succeed in fiuding the exact local- 
ity at ouce, but in some ca
es she goes directly to it; she very rarely 
fails. 
In order to settle the question ùcyond di
pute whether unconscious 
muscular action was the sole cause of this suceess in finding ohjects, I 
made the following crucial experiments with this 1:.Hly: Ten letters of 
the alpha het were placed on a piano: tbe letters being written on large 
pieces of paper. I directed her to see how many times she would get 
a letter which was in the mind of one of the observers in the room 
cm'rectIy by chance purely, without any physical touch. She tried ten 
times, and got it right twice. I then had her try ten experiments with 
the hand of the person operated on against the forehead of the opera- 
tor, the hand of the operator lightly touching against tlw fingers of this 
hand, and the person operated on concentrating her mind all the while 
on the object, and looking at it. In ten experiments, tried this day, 
with the same letters, she was successful six times. I then tried tbe 
same number of ex}wriments with a wire, one end being attached to 
the head or hand of the subject, and the other end to the head or hand 
of the operator. The wire was about ten feet long, and was so ar- 
ranged- being made fast at the middle to a chair-tbat no uncon- 
scious muscular motion could be communicated through it from the 
})erson on wbom she was operating. She was successful but once out 
of tcn times. Thus we see that by pure chance she was successful 
twice out of ten times; by utilizing unconscious muscular action in 
the method of Brown she was successful six times out of ten. 'Vhen 
connected by a wire sbe was less successful than wIlen slw dppended 
on pure chance without any pbysical connection. In order still fur- 
ther to confirm this, I suggested to this lady to find objects with two 
persons touching her body in the manner we have above described. 
I told these two to deceive her, concentrating their minds on the ob- 
ject hidden, at the same time using conscious motion toward some 
other part of tbe room. These experiments, several times repeated, 
showed that it was possible to deceive bel', just as we had found it 
possihle to deceive other muscle-readers. 
The question whether it is possible for one to be a good muscle- 
reader and pretty uniformly snccesf'ful, and yet not know just how the 
trick is done, must he answered in the affirmative. It is possible to 
hecome quite an adppt in this a1't without snsy>ecting, even remotely, 
the physiological explanation. The muscular tensiop. necessary to 
guide the o})erator is but slight, and the sensation it IJl'oduces may be 
very easily referred by credulous, uninformed operators to the pa

age 
of" magnetism;" and I am sure that with a number of operators on 
whom I have experimented tl}is mistake is 
ade. Some operators 
YOLo x.-30 
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declare that they callnot tell how they find the locality, that their 
success is to them a mystery; these declarations are made by private, 
amateur performers who have no motive to deceive me, and whose 
whole conduct during the experiments confirms their statements. 
Other operators speak of thrills or vibrations which they feel, auras 
and all sorts of indefinable sensations. These manifold symptoms are 
purely subjective, the result of mind acting on the body, the emotions 
of wonder and exp.ectancy developing various phenomena that are at- 
tributed to "animal magnetism," "mesmerism" or "electricity"- 
in short, to everything but the real canse. I have seeu amateurs who 
declared that they experienced these sensations when trying without 
success to" read mind" through the wires, or perhaps without any 
connection with the subject whatever. Persons who are in the yiciu- 
ity of galvanic batteries, even though not in the circuit, very often 
report similar experiences. 
The facts which sustain the theory that the so-called mind-reading 
is really muscle-reading-that is, unconscious muscular tension and 
relaxation on the part of tbe subject-may be thus summarized: 
1. l\Iind-reac1ers are only able to find direction and locality, and, 
in orùer to fiud even these, they must be in })hysical connection 
with the subject, who lliust move his body or some portion of it-as 
the fingers, hanù, or arm. If the subject sits perfectly stil1, and keeps 
his fingers, hand, and arm, perfectly quiet, so fhr as it is p03sible for him 
to do so by conscious effort, the luind-reader can never find even the 
locality 011 which the subject's n1ÏnJ is concentrated; he can only fin<l 
the diJ-ection where the locality is. l\Iil1d-read.ers never tell what an 
object is, nor can they <1escribe its color or appearance; locality, and 
nuthing more definite than locality, is all they find. The object hidden 
lllay be a coin or a corn-cob, a pin or a pen-bolder, an elephant's tusk 
or a diamou<.l-pin-it is all the same. .Again, where connection of the 
-operator with the !5ubject is made by a wire, sò arranged that mass- 
m.otion canllot be communicated, and. the subject concentrates his mind 
ever so steadily, the operator does just what he would do by pure 
chance, and no more. This I have proved repeatedly with good sub- 
jects ana expert performers. 
2. The subject can successfully deceive the operator in various 
ways-first of all, by using muscular tension in the wrong direction, 
and muscub.r relaxation at the wrong locality, while at the same time 
the minù is concentrated in the right direction. To deceive a good 
operator in this way is not always easy, but after some practice the 
art can be acquired, and it is a perfectly fair test in all experiments of 
this nature. 
Y'et another way tG deceive the mind-reader is, to think of some 
ohject or locality at a great distance from the room in which tbe ex- 
periments are made, and, if there be no ready means of exit, the per- 
former will be entirely baffied. I anI aware that some very surprising 
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feats have been ùone in the way of finding distant out-of-door localities 
hy muscle-readers, but in these cascs there has usually bcen an implied 
undcrstanding that the search was to be made ol1t-of:'doors; muscle- 
readers have thus takcn their subject up and down stairs or from oue 
room or hall into another, and out-of-doors until the house or locality 
was reached. I 
Another way in which deception may by practised is for the sub- 
ject to select some oùject or locality on the per::;on of the muscle-reader. 
This objcct may lJe a watch, or a pocket-book, or a pencil-case, or any 
limited region of his clothing, as a button, a cravat, or wristbanù. If 
sllch a selection be made, and the method of physical connection auo\ e 
described be used, the experiment will be a failure, proYided the 
muscle-reader does not know or suspect that an object on his OWIl })er- 
son is to be chosen. Similarly, if the subject selects a locality on his 
own person, as one of the fingers or finger-nails of the hand that con- 
nects with tbe muscle-reaùer. 'Vhen such tests are used, thcre is not, 
so to speak, any leverage for the tpnsion of the arm toward the local- 
ity on which the mind is concentrated, and the muscle-reader either 
gets no clew, or else one that misleads hilli. 
3. 'Vhen a subject, who has good control ovcr his mental and 
lliuscular movcmcnts, keeps the arm connected with the operator 
perfectly stiff; even though his mind be well concentrated on the hid- 
den object, the operator cannot find eithcr the direction or the local- 
ity. This is a test which those who have the requisite l)hysical quali- 
fieations can sometimes fulfill without difficulty. 
1Iere I may remark that the requirement to concentrate the mind 
on the locality and direction sought for all the time the search is be- 
ing made is one that few, if any, can perfcctly fulfill. .Any numLer 
of distracting thoughts will go through the best-traineù mind of one 
who, in company with a blindfoldeù operator, is being lea furiously 
up anù down aisles, halls, streets, awl stairways, fearful cach moment 
of stumbling or striking his head, and followed, it may ùe, by a
ton- 
ished and eager investigators. .. \nd yet these mental distractions 
do not seem to interfere with the succe
s of the experiment unless the 
arm is kept studiously rigid, in which case nothing is found save by 
pure chance. The hest subjects would appear to be tho
e who have 
Illoderate power of mental concentration and slight control o,.er their 
muscular movements. Crcdulous, wonder-loving suùjects arc some- 
times partially entranced through the cmotions of rCVérence and 
expectation; with subjects in this 
tat(', operators are quite !Sure to 
succeed. 


1 In Danielsonville, Connecticut, Brown, after an evening's exhibition in which his fail- 
ures had ùeen greater than usual (the intelligent committee having the matter in charge 
being pn'pared by previous discussion of the theory of unconscious muscular motion), 
took a subject, and led him from the hotd in the darkness through the 8treets, to some 
rather out-of-the-way building on which the suùject had fixed hi
 mind. .A 80me\\ hat 
similar exploit is recorded of Corey, a performer in Detroit. 
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4. The uncertainty and capriciousness of these experiments, 
even with expert operators, harmonize with the explanation h('re 
given. Even with good subjects all mind-readers do not uniformly 
succeed; there is but little certainty or precision to the average 
results of experiments, however skillfully performed. An evening's 
exhihition may be a series of successes or a series of failures according 
to the character of the subjects; and even in the successful tests the 
operator usually must try various directions and many localities, 
sometimes for ten or :fifteen minutes, before he finds the locality 
sought for; cases where the operator goes at once in the right direc- 
tion, stops at tIle right locality, and knows when he has reached it, 
are exceptionaL 1 
5. )Iany of those who become expert in this art are aware that 
they succeed by detecting slight muscular tension and relaxation on 
the part of the subject. 
Some operators have studied the subject scientifically, and are 
able to analyze with considerable l)recision the different steps in the 
process. In the minds of many this fact alone is evidence adequate 
to settle the question beyond doubt. 
6. A theoretical and explanatory argument is derived from the 
recent discovery of nlOtor centres in the cortex of the brain. 
I was repeating the experiments of Fritf'ch and IIitzig at the time 
when my attention was first directed to the remarkable exhibitions 
of Brown, and the results of my studies in the electrical irritation of 
the brains of dogs anrl rabbits suggested to me the true explanation 
of mind-reading before any opportunity had been allowed for satis- 
factory experiments. 
The nlOtto "when we think we move," which I have sometimes 
used to illustrate the close and constant connection of mind and body, 
seems to be justified by these experÎInents on the brain, and may 
asÛst those who wish to obtain a condensed statement of the physi- . 
ology of mind-reading. Taking into full consideration the fact that 
all physiologists are not in full accord as to the interpretation to be 
given to these experiments, whether, for example, the phenomena are 
due to direct or reflex action, still it must be allowed, by all who 
study this subject experimentally, that thought-centres anò muscle- 
centres are near neighbors, if not identical. 
 


1 The popular theory to account for these failureg is the wearine
s or exhaustion of 
the operator; but both in New York and in Kew Haven it was observed that Brown met 
with his most brilliant successes in the latter part of the evening, the reason being that 
he happened then to have better subjects. 

 From an editorial in the Boston 
[cdical and Surgical Journal (September 23, 1875), 
referring to the mind-reading exhibitions, and accepting the explanation here given, I 
make the following extract: 
" The whole performance seems to us to furnish good illustrations of one or two well- 
known principles of great physiological interest. Of these the most important is one 
that :finds at once support and application in the modern doctrine of the nature of aphasia 
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In all these experiments it should be observed there is no one 
muscle, there is no single group of muscles, through which this tension 
and relaxation are developed; it is the finger, the hand, the arm, or 
the whule boùy, according to the method employed. Among the 
various llwthoùs of making connection between the suhject and 
operator are the following: 
1. The back of the subject's hanù is held firmly against the fore- 
head of the operator, who, with his other hand, lightly touches the 
finger
 of the subject's hand. (Brown.) 
This is, undoubtedly, the most artistic of all known methoùs. 
2. The hand of the operator loosely grasps the wrist of the subject. 
rrhis is a very inartistic method, and yet great succe8S is oftentimes 
attained by it. 
8. One finger of the operator is applied.to onc finger of the 
subject, papil1æ touching papillæ. 
This is a modification of the first method; by it exceedingly Emall 
objects or localities are found. 
4. The operator is connected in the usual way with a third party 
who does not know the locality thought of by the subject, but is 
connected with the subject by the wrist (" double test"). 
In this experiment, which astounded even the l)est observers, the 
unconscious muscular motion was communicated from the subject to 
the arlll of the third party, and through the arm of the third }Jarty to 
the operator. 
5. Two, three, or more 8ul)jects, who agree on the locality to be 
thought ot
 apply their hands to tlw body of the operator in front 
and behind. 
This method is excellent for beginners, and the direction is easily 
found by it; but it is obviously not adapted for tbe speedy finding of 
small objects; it is frequently used by ladies. 
6. The hand of the 8uhje('t lightly re
ts on the 8houlder of the 
operator. 
and kindred disorders; namely, that the thought, the conscious mental conception, of an 
act, differs from the voluntary impulse necessary to the perfonnance of that net only in 
that it correspond:; to a fa.inter excitation of nervous ccntres in the cortex cerebri, which 
in both cases are anatomicaUy identical. 
"Thus, in certain forms of aphasia the power to think in words is lost at the same time 
with the power of speech. Some persons tbink definitely only" h(:n they think aloud, 
and it would readily be believed in the case of children and uneducated persons that the 
ability to reaù would often be sc.riously interfered with if they" ere not permitted to rrad 
aloud. Similarly, a half-premeditated act of any kind 8lips often into pcrformance before 
its author is aware of the fact. Further, there is reason to think, from the experiments 
of Hitzig, that the
e same centres may be excited by the stimulus of electricity so as to 
('all out some of the simpler coördinated movements of the muscles on the oppoEite side 
of the body. 
U Applying, now, this principle to the case in hand, it will be evident that for the per- 
Bon experimented with to avoid giving 'muscular bints,' of cither a po:::iti.e or a negative 
kind, would be nearly impossible." 
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In all these methods the operator is usually blindfolded, so that 
be 111ay get no assistance from any other source than the unconscious 
muscular action of the subject. 
The movements of the operator in these experiments 1113Y ùe 
either very slow, cautious, and delib
rate, or rapid and recklc
s. 
Brown, in his public exhibitions, was very careful about getting the 
physical connection right, and then moved oft' very rapidl
., sometimes 
in the right direction, sometimes in the wrong one, but frequently 
with such Rpeetl as to inconvenience the subject on whom h
 was 
operating. These rapid movements give greater l)l'illiancy to public 
experiments and serve to entrance audiences, but they are not es
en- 
tial to success. They servl', no doubt, in many cases, to bewilder or 
l)artially entrance the subject, and thus to render him far more likely 
to be unconscious of his own muscular tension and relaxation 
through which the operator is guided. 
The pùwer of muscle-reading depends luainly, if not entirely, on 
some phase of the sense of touch. Dr. Hanbury Smith tells me that 
a certain maker of lancets in London had acquired great reputation 
for the superiority of his workmanship. Suddenly, thel'e was a falling 
off in the character of the instrument that he sent out, and it was 
found that his wife, on whonl he had depended to test the sharpness 
of the edge on her :finger or thumb, had recently died. 
That the blind acquire great delicacy of touch has long been 
known; Laura Bridgman is a familiar illustration. Dr. Carpenter 
states (although there are always elements of error through the 
unconscious assistance of other senses in cases of this kind) that !\li::is 
Bridgman recognized his brother, WhOUl she had not met for a )Tear, 
by the touch of the hand alone. 
Every physician recognizes the fact of this difference of suscepti- 
bility to touch; and, in the diagnosis of certain conditions of disease, 
much depends on the tact us C1.uclitns. I am not sure whether this 
delicacy of l)erception, by which muscle-reading is accomplishel1, is 
the ortlinary sense of touch, that of contact, or of some of the special 
nlodifications of this sense. It is to physiologists and students of 
diseases t)f the nervous system a well-known fact that there are 
several varieties of sensibility-to touch, to temperature, to pressure 
or weight, and to IJain-which, possibly, represent different rates or 
nlOdes of yibration of the nerve.force. 
The proportion of persons who can succeed in muscle-reading, by 
the nlethods here described, is likewise a natural subject of inquiry. 
Judging fronl the fact that, out of the comparatively few who 113ye 
made any efforts in this direction, a large number rJa\Te succeeded 
after very little practice, and some few, who have giyen the matter 
dose attention, have acquired great proficiency, it is ])l'obable that 
the nlajority of people of either sex, between the ages of fifteen 3nd 
fifty, could attain, if they chose to labor for it, under suitable 
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instruction, a certain gratle of skill as mu
de-reaJers, provided, of 
course, good subjects were experimented with. It is estimated that 
about one in five or ten persons can be put into the me
meric trance 
by the ordinary processes; and, under extraordinary circnm:-:talleeR, 
while under great excitement, and by different canses, everyone is 
liable to be thrown into certain stages or forms of trallce; the ea- 
Imcity for th(' trance-state is not exceptional; it is not the peculiar 
}1l"opcrty of a f(-,w individuals-it belongs to the human race; similarly 
with the capacity for muscle-re:uling. The age at which this delicacy 
of touch is most marked is all inquiry of interest; experiencp, up to 
date, would show that the very young or the very old are not good 
Inuscle-readers. I have nm'er known of one under fifteen years of 
age to 
tudy this subject; although it is concei,'able tLat hright 
cLildrelJ, younger tLall that age, might have sufficient power of 
attention to acquire the art, certainly if they lmd good instruction 
in it. 
In the
c mind-reading experimf'nts, as indeed in aU F-imilar or 
allied experiments with living human beings, there are six sources of 
error, aU of which must be absolutely guarded against if the re::mlts 
are to have any precise and authoritative value in science. . 
1. The involuntary and unconscious action of brain and mu
c1e, 
including trance, in which the subject becomes a pure automatOlJ. I 
have used the phrase" involuntary life" to cover all these phenomel1:1 
of the system that appear independently of the will. The majority 
of those who studied the 
uhject of mind-rpading-even p11y:-;icians 
and physiologists-failed through want of a proper unden
tandillg or 
::tppreciation of this side of physiology. 
2. Chance and coiucillences. :K eglect of this source of error was 
the main cause of the unfortunate results of the wire 
mù chain eXl'eri- 
lllents with mind-readers. 
3. Intentional deception on the part of the 
ul)j('ct. 
4. 'Unintentional deception on the part of the subj('ct. 
5. Collusion of confederates. To guard against all the aboye sources 
of 
rror it is necessary for the pxp
rimeuter himself to use dcception. 
û. Unintelltional af'sistance of audience or hy-standers. 
'Yhen the nU1scle-reader performs before au enthusiastic audience, 
he is likely to be loudly applaudèd after cach success; and, if the ex- 
citement be great, the apl'1all
e, with f:hnfHing and rustling, m:1Y bpgin 
before he reaches the right locality, while he is approaching it; wben, 
on the other hand, he is far away from the locality, the audience will 
inform him hy ominous silence. The per10rmance thus becomes likl' 
the hide-and-seek games of ehihlren, where thcr cry" 'Yarm ! " as the 
blindfolded operator approaches the hidden object; "Hot!" a
 he 
comes close to it; and "Cold!" when he wanders 1ar frum it. Some 
of the apparent successes with the wire-test may lw thns explaincd. 
In regard to all the public exhibitions of llluscle-r(-'ader
, it should 



472 THE POPUL_AR SGIE.i.VGE .JfO..LVTHLJ r . 


òe considered that the excitement and eclat of the occasion contribute 
not a little to the success of the operator; the subjects grow enthusias- 
tic-are partly entranced, it may be-become partners in the cause of 
the performer-and unconsciou
ly aid him far more tlmn they would do 
in a similar entertainment that was purely private. In a private enter- 
tainment of muscle-reading at which I was present, one of the sub- 
jects, while standing still, with his hands on the operator, actually 
took a step forwarc1 toward the locality on which his mind was con- 
centrated, thus illustrating in a visible manner the process by which 
Inuscle-reading is nlade !Jossible. ... 
The subject under discussion, it will be observed, is to òe studied 
both inùuctively and deduetively. The general claim of mind or 
thought reading is disproved not by any such experiments as are here 
. détailed, no matter how accurate or numerous they may be, but hy 
reasoning deductively from the broad principle of physiology, that no 
human being has or can have any qualities different in kind from those 
that belong to the race in general. The advantage which one human 
being has over another-not excepting the greatest geniuses and the 
greatest Inonsters-i
, and must be, of degree only. l\lind-rcading, in 
the u
ual meaning of the term, is a faculty that in any degree does 
not belong-indeed, it is never claimed that it belongs-to the human 
race; it cannot, therefore, belong to any individual. For one person 
to rcad the thoughts of anothcr would be as much a violation or 
npparent violation of the laws of Nature as the demonstration of per- 
petual Inotion, the turning of iron into gold, or the rising of the sun 
in the west. Experiments such as here recorded, if made for the pur- 
pose of ascertaining whether certain persons have the power of read- 
ing thoughts, would be more than unnecessary; they would be exceed- 
ingly unscientific. Reasoning deductively also from the known laws 
of thé involuntary litè, the power to read muscles, in the method here 
described, is not only possible and probable, but inevitable. Every- 
body is a muscle-reader, although all are not capable of attaining the 
highest degrees of skill in the art. 1 
The one fact, the only fact brought out by these experiments that 
could not he predicted from known laws of physiology, is the exceed- 
ing refinement to which muscle-reading can be carried, the minute- 
neS8 of the localities that are found, and the rapidity with which, 
oftentimes, the results are obtained. This fact is of permanent value 
to science, a new and positive addition to the physiology of the invol- 
untary life, and of vast suggestion in relation to the general subject 
of the interactions of mind and body in health and in discase. 
An.incidental fact impressed on DlY mind during these researcJlCs 


1 Every horse that is good for anything i
 a muscle-reader; he reads the mind of his 
driver through the pre
sure on the bit, and by detecting tension and relaxation knows 
when to go ahead, when to stop, and when and which way to turn, though not a word 
of command is uttered. 
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was the prevalence and the power of the belief in animal magnetism. 
This delm;ion may well be regarded as the witchcraft of the nine- 
teenth ccntury; its hand is everywhere-on the press 
H1d the pul})it, 
on all our literature, 011 science itself, even on l)hysiology, to which 
its phenomena rightly belong, and by which they can be and fire 
fully explained. It is a tyrant that rules over the whole realm of the 
seemingly mysterious; the success of the orator on the platform, and 
of the physician at the bedside, is attributed to its aid, as of old supe- 
rior learning and skill were attributed to the occuJt forces of magic. 
It may be doubted whether any other false belief of our time has had 
a more serious influence in retarding the progress of right reasoning 
than this, since it l)locks the doors of investigation and préjudges the 
case when investigations are made, stimulates the too common habit 
of making the emotions do the work of the intellect, and becomes 3. 
sort of foster-mother to other and allied delusions. 
It was the universality of this belief in animal magnetism that 
made mind-reading popular, since it furnished a basis as broad as the 
wildest theorizer could wish, on which could be erected a limitless 
variety of hypotheses; aud nlauy who rejected intuitively the claim 
of direct supernatural aid were made happy by the equally false and 
untenable claim of literal conveyance of thcught from suLject to 
operator through the agency of a supposed magnetic fluid. 


.1. 


CO
IPRESSED-.AIR LOCO
IOTIVE IN ST. GOTH...\..RD 
TUNNEL.1 


By C. M. G 4\.RIEL. 


T HE l)oring of a tunnel of any importance presents difficulties 
of various kinds, among which may be mentioned the clearing 
away of the rubbish arising from the excavation of the gallery, when- 
ever that reaches any considerable length, and the work is carried on 
with activity. 
uch were the conditions under which the boring of 
the 
Iont Cenis Tunnel was carried on, and 1\1. }'abre, the ahle con- 
tractor, has met with similar difficulties in the 110ring of the St. 
Gothard Tunnel, now being carried out. 
The work was l)egun from two points, Airolo and Gæschenen, the 
two extremities of the future tunnel. The advallce of the gallery, 
which is pushed on with actidty, produces about 400 cubic metres of 
rubhh;h a day at each of the two faces of attack. To carry away this 
mass of rubbish, ,vhich is thrown regularly into trucks running on 
rai1s, it is impossible to employ locomotives, as the cul-de-sac nature 
1 Translated from I a .Kalure. 
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of the galleries prevents effectual ventilation. The l1Ïgh !)rice of 
horses and the large number required prevent their use. The idea 
suggested itself of making u
e for 
t. Gothard of machine
 moyed by 
compressed air, which would have many advantages. First, it is wdl 
known that compre8sed air is usel1 to work the perforating machines 
used in boring the tunnel; then, by the employment of compressed-air 
locomotives, ,'entilation of the galleries would be produced, as these 
Iuaehines would allow only 11ure air to escape; and then these motors 
would ùe more powerful than horses, and effect more rapidly the clear- 
ing a \Va y of the débris. 


}J 


H 


FIG. 1. 


A first attempt was made in which two ordinary locomotives were 
employed, one at each "iL1c of tlJC tunnel; the boiler
, in which, of 
conrse, there was no water, were filled with condensed air under a 
pressure of four atnlospheres. This air played the part usually done 
by steam, passed into slide-valves, entered the cylinders alternately 
on each face of the pistons, which it set in motion, and then escaped 
into the atmosphere. 
It is easily seen th:tt, if compressed air were to be employed, it 
would be indispensab1c to have a very considerable quantity of it; the 
boiler of a locomotive, sufficient when it is worked hy means of steam 
constantly produced under the action of heat, was too small to con- 
tain a quantity of air sufficient for use without being fined. This led 
to adding to each locomotive a special reservoir for compressed air; 
each locomotive was accompanie(l, as a kind of tender, by a long 
sheet-iron cylinder, eight metres long- and one and a half metre di- 
ameter, supported toward its extremities by two trucks, which, on 
starting, werc filled with condensed air, :nul wlJÏch communicated by 
a tube wit.h the distributing apparatus of the cylinders. The loco- 
motive then worke(l as before, except that. compressed air cam
 from 
the reservoirs instead of from the hoiler. The two locomotives, the 
l
euss ancl the Tessin, worked economically for about two years, in 
spite of the awkwardness of the long cylinders that accompanied 
them. ",Ye can give some interesting fignres resnlting from tl)e mean 
of a certain number of obsen'ations. At departure the pressnre in 



CO
Y PRESSED-AIR L OCOJfOTIVE'. 


475 


the reservoir was about seven kilogrammes per square centimetre ; 
the locomotive having drawn a train of twelve loaded wagons along 
a course of about 600 metres, the pressure was found to fall to four 
:lnd a half kilogrammes; the train then returned empty to the point 
of departure, ana the final pressure was found to be two and a half 
kilogrammes. 
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In spite of the relati,-cly advantageous results which were ob- 
tained, the employment of compressed air in a steam-locomotive pr
- 
sent
d a certain number of drawbacks. It is expedient that the all' 
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should issue from the cylinder under the least l)ossible pressure, in 
order that refrigeration may be reduced to a minimum; for it is 
known that the expansion of gas is accompanied by a los
 of heat 
which increases with the pressure. This condition was satisfied by 
causipg the air to act under restraint; that is, by allowing the com- 
presEed air coming from the reservoir to enter during only a part of 
t.he course of the piston. But the adn1Íssion of the air ought to vary 
if it is desired to obtain the same final effect, since the lwcssure in the 
reservoir diminishes continuously; and as the apparatus which regu- 
lates the admission was arranged to correspond only to determined 
fractions, but not to vary in a continuous manner, it followed that 
there was a greater expenditure of air than was necessary, and con- 
sequently a diminution in the length of the course over which the 
locomotive could run. 
On the other hand, it is necessary that the air should arrive in the 
distributiut{ apparatus with the least possible pressure, for it is in this 
apparatus, in the slide-valve, that the greatest losses take place, aud 
these losses increase in proportion to the pressure. No means could, 
however, be thought of for diminishing the pressure in the reservoirs, 
which would have reduced considerably the work which the machines 
were capable of doing, unless by augmenting considerably the volume 
of the reservoirs, the dimensiolls of which were already unusually 
large. 
At this stage 1\1. Ribourt, the engiI
eer of the tunnel, devised an 
arrangement which allows the compressed gas to flow at a fixed press- 
ure, whatever may be the pressure in the reservoir. The gas in es- 
caping from the reservoir enters a cylinder 13 (Fig. 1), ovcr a certain 
extent of the walls of which are openings rn'm, that communicate 
with another cylinder C, which surrounds it to the same extent, an(l 
which is connected with the slide-valve by which the air is distributed, 
or, more generaUy, with the space in which this air is to be utilized. 
On one side moves a piston E, which shuts the cylinder and hillder
 
the escape of the air. This l)lston carries externally a shaft F, which 
supports externally a spiral spring H, the force of which is regulated 
by means of a screw. Internally it is connected by another shaft L 
with a second piston N, which bears a cylinder M, movable in the in- 
terior of the principal puml), and forming thus a sort of internal 
sheath. This sheath presents openings n n, which may coincide ex- 
actly with those already referred to, and in that case the gas passes 
without difficulty from the reservoir at the point where it is to be 
employed. But if the sheath is displaced, the openings no longer 
correspond, there is resistance to the passage, and consequently dimi- 
nution of the quantity of gas which flows out, and hence lowering of 
pressure in the exterior cylinder. By making the position of the 
sheath to vary continuously we may make the pressure of exit con- 
stant, notwithstanding the continuous variation at entry. But the 
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apparatns is automatic. In fact the part of the cylinder n comprised 
between the bottom and the piston J..V communicates by openings p 
(which are never covered with the escape-tube of the gas), in such 3 
manner that upon its posterior face the piston .J..V rcceives the pressure 
of the gas at the moment when it flows, a pressure which it is sought 
to render constant. The piston E receives on its anterior face the 
action of the spring which can be regulated at pleasure. As to the 
other fac
s of the two })istons, they are subjected to equal actions 
})roceeding from the pressure of the gas at its entry, actions which 
thus counteract each other; so that the forces which determine the 
position of the movable system are, on the one hand, the tension of the 
spring, a constant and determined force, and, on the Gther hand, tbe 
pressure of the flowing gas; and thus equilibrium cannot occur unless 
the two forces are equal. If the gas should flow ill too great a quan- 
tity, the pressure increases on the posterior face of the piston J..Y, the 
spring is overcome, and the movable system advances a little toward 
the left; but then the orifices are partly covered and the flow dimin- 
ishes. If tbe pressure then becomes too weak at the exit, the spring 
in its turn prevails, pushes tbe sheath toward the right, uncovers the 
orifices, and consequently a greater quantity of air may enter. 
"rhe machines which are now used at the St. Gothard Tunnel, gen- 
uine compressed-air locomotives, are furnished with 
I. Ribourt's ap- 
paratus. They consIst of the following parts: A sheet-iron ).eservoir 
to contain the compressed air is mounted on a framework quite like 
that of stealn-locomotives, and carrying glasses, cylindE."rs, distribut- 
ing apparatus, etc. The tube for receiving the air possesse
, within 
reach of the driver, the automatic valve of 
I. Hibourt. The screw 
being easily regulated, the air can with certainty be made to issue 
from the apparatus at a determined pressure. This air then passes 
into a small reservoir (about one-third 
etre cube), intended to deadcn 
the shocks, which are always produced when t})e machine is set agoing 
or stopperl. Lastly, this small reservoir communicates with the cylin- 
ders, and the air which reaches them acts in thc same manner as steam 
in ordinary locomotives. 
The pre
sure in the principal rcsen'oir at t})e point of exit depends 
on the power of the compressing apparatus; at St. Gothard it may 
attain fourteen kilogrammes per square centimetre, Lut is ordinarily 
about 7.35 kilogrammes. The pressure in the small reservoir is arbi- 
trary, depending on the regulation of the screw; at St. Gothard it 
has a mean of 4.20 kilogrammes. The entire machine weighs about 
seven tons.-Nature. 
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T HERE are three kinds of gas, named after the substancet; from 
which they are obtained, as coal, petroleum (or naphtha), and 
water gas. The first two are produced by destructive distillation of 
coal and petroleum, or naphtha, the last by passing a curreut of 
steam over a bed of incandescent anthracite. Coal-gas is the kind in 
general use, petroleum or naphtha gas being used chiefly as an 
enricher; and water-gas, used in onl y a few places and for a compar- 
atively short time, is as yet on its trial. The general principles 
involved in the manufacture of eaeh kind of gas will first be noticed; 
then the relative merits of the })l'oducts will be considered in regard 
to quality, cost of manufacture, and respective peculiaritiés; and, 
finally, a comparative view will be taken of sC\"eral leading com- 
panies; after which the relationship of gas companies to municipali- 
ties, and the subject of competition, will be examined. 
'Vhcn coal is subjectecl to high heat ill a closed vessel, certain 
gases ana vapors are evolved, some of which are combustible, and 
some, like steam, condensible, a residue of charcoal or coke being left 
behind. This process is termed destructive distillation, and the 
property displayed by coal is common to all vegetable and animal 
substances; but only coal and petroleum have been used economically 
in the productiun of illuminating gas on an extensÌ\"e scale. The 
(listillation is the most important operation in the manufacture, but it 
is necessary to remove from the gas, before it is 1Ìt for burning, the 
conJensible vapors, as tar, water, etc.; and tho
e non-condensiùle 
gases, as carbonic anhydride (carbonic acid), which either largely 
diminish thp illuminating power. or which give rise, in the burning of 
the gas, to injurious IJroàucts of combustion, such as sulphuretted 
hydrogen and ammonia. The removing of these very materially 
affects the cost of production. The distillation is effected in iron or clay 


1 Abstract of a Report to the City of Boston, A. D. 1876, by the Gas Commissioners, 
Messrs. Charles F. Choate, John Felt Osgood, and Eùward S. 'Yood, appointed in 
January, 1875, who were instructed" to investigate and report-I. On the quality anù 
price of the gas furnished in Boston, as compared with that of other large cities in this 
country and Europe; 2. 'Yhether any improvements can be made in the present 
methods of manufacturing gas by the different companies in this city; 3. 'Vhether it 
would be expedient for the city to undertake the manufacture and supplying of gas for 
public and private lighting; and, 4. W'hether any further legislation is desirable to enable 
gas-consumer
, or thc municipal authorities, to secure a prompt and impartial investiga- 
tion of complaints against private companies, and an efficient remedy for any abuses of 
which they may be found guilty." 
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retorts, from three to seven of which, accon1ing to circumstances, are 
heated with one fire of coke to a cherry-red (1,4780 to 1,8300 Fahr.) for 
iron, or to an orange or white heat (2,0000 to 2,3000 l<
ahr.) for day 
retorts; 160 to 2ÖO pounds of coal constitute thc charge for a single 
retort, anù the distillation continues uninterruptedly for four to four 
and a half hours. The outer layers of the charge, being suddenly 
raised to a high temperature, evol\Te vapors which contain a large 
amount of carbon. These, in passing through the retort, are convertcd 
into fixed gases of a high illuminating power. The inner parts of the 
charge, undergoing di
tillation more slowly, give out vapors which, 
in passing through the highly-heated coke on the surface, are more 
completely decomposed than the first evolved, and m.c, therefore, of 
a lower illuminating power. It has been shown, for example, by 1\11'. 
C. D. Lamson, of the Boston Gas-"\V orks, that the illuminating (or 
candle) IJower of the gas diminishes in a rapidly-increasing ratio with 
each half-lwul' of the distillation; and also that, after the third balf- 
hour, the quantity of gas proùucec1 similarly decreases. The largest 
quantity, as well as the richest gas, is, therefore, ol)tained in the first 
part of the distillation. By candlejJouer is meant that tllc gas, burn- 
ing at the rate of five cubic feet per hour, will give as much light as 
the stated number of standard sperm-candles burning at the rate of 
120 grains per hour, or two grains per miuute. 
The gas passes next into the hydraulic main, where it is made to 
bubble up through a half-inch to an inch of water, and tllUs some of 
its vapors are conJensec1. It then goes to the condenser, a series of 
iron tubes surrounded by water, to be cooled and more completely 
rid of its tar and othcr vapors, which are precipitated and led 
away. Going to the washer
, a series of chambers wbere it is brought 
in contact with jets of water, and to the scrubbers, where it passes 
through a collection of coke, fire-brick, etc., moistened with water, 
it is relie\red of the rest of the tar anù also of tbe ammonia. 
The third step in the manufacture is purification, which removes 
from the gas the noxious elements, chiefly carbonic acid and 8ul- 
phuretted hydrogen. The first lowers the illuminating power very 
greatly: one per cent. ùeillg sufficient, it is said, to dimini
h it five per 
cent. The'sulphuretted hydrogen and other sulpburou:; compounds 
give rise in burning to sulphurous and sulphuric acids which may 
injure, by their corrosive action, dclicate :::;tructures, such as book
, 
gilding, silks, etc., that are exposed to the air of the room in which 
the gas is bUl"llell. Lime and oxide of iron are used in varion::; meth- 
ods to purify the gas. Lime is used "both wet and dry. In the 
wet-lime process the gas is passed throngh thc milk of lime, which, 
uniting with the carbonic acid to form a chalk, effectually removes it, 
and takes away most of the sulphur compoumls too, by uniting with 
them to form calcic sulphidc or calcic sl1lpho-carùonate. 
The w,e of this process has generally been abandoned, however, 
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on account of the foul odor evolyed from the lime when it is taken 
from the purifier. The dry-lime process consists in })assing the gas 
through moistened slacked lime placed upon trays. This is about as 
effective as the other, anù has generally superseded it. The iron pro- 
cess consists in passing the gas through some form of the hydrated 
sesquioxic1e of iron mixed with other substances. The great advan- 
tage of this process is its economy, it being practicable to use the 
same mixtures over and over almost indefinitely. The N ew York l\Iu- 
tual Company, for instance, ha,'e used one mixture satisfactorily for 
three years. 
Either petroleum or some of the products of its distillation at a 
low temperature, as naphtha, rhigolene, gasolene, etc., may be used 
in the manufacture of gas. These products are of little commercial 
value as compared with those, like kerosene, which are produced at a 
higher temperature, but for this reason they are of especial value for 
the manufacture of gas. The principles on which the manufacture of 
petroleum-gas depends do not differ much from those involved in the 
making of coal-gas. In both cases, as already stated, the material is 
subjected to destructive distillation in a retort; but in this the 
material may either be introduced directly into the retort, or first 
converted into a vapor, and conducted into it in that state. The first 
step, however, is to vaporize the liquid either in the retort or before 
it reaches thel'e; and the second, to decompose the vapor, and convert 
it into a fixed gas, which is carried into an hydraulic main and con- 
denser in the same way as coal-gas. One great' advantage of the 
naphtha-gas is that, containing neither sulphur compounds nor am- 
monia, it needs no purification, and therefore saves one item in the 
expense of manufacture. :Moreover, a loss of some of the luminifer- 
ous hydrocarbons is avoided, a certain amount of them being neces- 
sarily condensed in the passage through the washers, scrubber8, and 
purifiers. 
The manufacture of water-gas differs entirely from that of coal or 
naphtha gas. It involves the production, first, of a non-illuminating 
gas from steam, and, second, of petroleum, naphtha, or cannel ga
, to 
furnish the illuminating power. The great advantage of it is, that 
very large volulnes of non-luminous combustible gas can be made 
very cheaply. This is done by passing steam over incandescent car- 
bon, which, having a very powerful attraction for oxygen, abstracts 
it from the st(>am (water being a compound of hydrogen and oxy- 
gen), and unites with it, forming, at first, carbonic acid. This, in 
passing over another bed of coal, is deprived in turn of one-half its 
oxygen, and converted into carbonic oxide. flydrogen, the other 
constituent of the steam, being set free, mixes with the carbonic ox- 
ide. The resultant is a mixture of hydrogen and carbonic oxide, 
which gases are both combustible but non-illuminating. In Borne pro- 
cesses for the manufacture of this gas, the petroleum or naphtha gas 
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is not mixeJ with the water-gas until the latter has been purifieù; in 
others the petroleum is added directly to the coal. Anthracite coal, 
only, is used in the manufacture of water-gas, and great care is nece!5- 
sary to keep the temperature up to a white heat, since, if it fal1s too 
low, a large proportion of carbonic acid will be formed, and will 
injure the il1uminating power of the gas unless it is removeù Ly 
purification. Anthracite coal contains sulphur, and yields ammonia. 
when distilled, so that purification is as necessary for water as for 
coal-gas, anJ therefore no saving is made in this respect. The real 
saving is in coal, since a large volume of steam can be decomp08ed by 
one ton. 
It is necessary now to make a more particular inquiry into the 
nature of the different gaRes and compare them with each other. Coal- 
gas in its salable condition is composed about as follows: 


I1eidel- I London, London, 
NAMES. berg. Bonn. Chemnitz. Common. Cannel. 
Hydrogen. . . , . . . .. . , .. . . .. . . . . . 44.00 39.80 51.29 46.00 27.70 
Marsh-gas ..... . . .. . . . . . . .. . . . . 38.00 43.12 36.45 39.50 50.00 
Carbonic oxide. . . .. . . .. . . . . . . ... 5.73 4.66 4.45 7.50 6.80 
I Olcfiant and other hydrocarbons.. 7.27 4.75 4.91 3.80 13.00 
Kitrogen. . . .. . . .. . . .. . . .. . . . . . . 4.23 4.65 1.41 0.50 0.40 
Oxygen. . . . . . . . . . .... . . .. . . .. . . . . . . . . . . . 0.41 . . . . . . . . 
Carbonic anhydride... . . .. . . .. . . . 0.37 3.02 1.08 0.70 0.10 
Steam . . . .. . . . . . . .. . . .. . . .. . . . . . . . . . . . . . . . . 2.00 2.00 


The hydrogen and carbonic oxide burn with a non-luminous flame, 
and marsh-gas burns with only a slightly-luminous one, the illuminat- 
ing power coming almost entirely from the olefiant gas and other 
hydrocarbons. The oxygen, carbonic acid, anù nitrogen, heing in- 
combustible, injure the illuminating power yery greatly. The oxy- 
gen and nitrogen are admitted accidentally by the introduction of a 
little air in charging tbe retorts. lIenee, other things being equal, 
the illuminating power of the gas increases with the proportion of 
olefiant and other hydrocarbons, anù the
e depend chiefly on the kind 
of coal used and the temperature at which it is carbonized. The gas- 
coals are the bituminous caking coals and cannel. The bituminous 
shales, like the boghead mineral of Scotland, and asphalt minerals, like 
the 
\Jbertite of Nova Scotia and the Grahamite of "'... est Virginia, 
are used in small quantities for enriching. The yield of gooù gas- 
coal, like the Penn, is about 10,000 cubic fet.t of 15 to 16 candl
- 
power gas to the ton (2,240 Ibs.). The enric1JÎng coals yield a larger 
amount of richer gas, and the asphalt minerals fl.om 13,000 to 15,000 
cubic feet of 30 to 50 candle-power. The relative cost of enricbing with 
these or with naphtha is a very important question. In a number of 
experiments made at the Boston Gaslight Works, for the purpose of 
testing the value of Albertite as an enricher, it was found that the 
'"'OLe x.-31 
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yield varicd from 13,440 to 16,016 cubic feet of 36.08 to 54.45 candle- 
power gas per ton (6 to 7.15 feet per pound). Experiments on cannel 
of different kinds have given various yields, from 3.8 feet of 20.52 
candle-power gas per pound to 4.74 feet of 30.40 candle-power. 
The principal impurities in coal-gas are, as already indicated, tml- 
phuretted hydrogen and other gases containing sulphur and ammonia. 
The presence of a small anlOunt of these caunot be avoided, and is 
not injurious, since the sum of the products of the combustion of these 
substances, formed by the burning of the gas from a single burner 
during an cntire evening, is very small. In fact, the presence of a 
slight aInount of ammonia is beneficial, in tending to neutralize the 
sulphurous and sulphuric acids formed by that portion of the sulphur 
which cannot be renewed. The limit prescribed by law for the Lon- 
don companies is 20 grains of sulphur and 2t grains of ammonia per 
100 cubic feet. The Rpecific gravity of illuminating gas is an impor- 
tant quality, since it increases in a nearly constant ratio with tbe can- 
dIe-power, so that, knowing the one, the other can be told pretty near- 
ly, and vice versa. It varies usually from 0.400 to 0.500; the specific 
gravity of air, 1.000, bcing taken for the unit. The denser the gas the 
lnore slowly it will pass through a gÍ\'en orifice, and so on this quality 
depenr1s in great measure the quantity which passes through the con- 
snmer's meter and burner. 
In regard to petroleum as a gas-making material experiments made 
l)y Prof. 
\. 'Vagner show that naphtha is better and more economi- 
ca1 than it or any of the heavy oils. Fifty kilogrammes of petroleum 
produced 1,
47 cubic feet of gas, while the same amouut of naphtha 
produced 1,619 cubic feet. Both petroleum and naphtha produce a 
large amount of acctylene, a gas which contains a large proportion of 
carbon. In the experiments referred to, five per cent. of acetylene was 
evolved, 35.96 per cent. of other heavy (rich) hydrocarbons, and 59 
per cent. of light (poor) hydrocarbon gas; the petroleum being split 
up, with dcposition of carbon, into a mixture of acetylene, heavy and 
light hydrocarbon gas, and hydrogen. In this country, where petro- 
leum and its products are milch cheaper than they are in Europe, it 
has been found that on a large scale 60 to 80 cubic feet of 50 to 70 
candle-powcr gas can be made from one gallon. In a series of thirteen 
experiments on crude petroleum made by 1\11'. C. D. Lamson, of the 
Boston Gaslight Company, the average yield per gallon was 72.71 
cnbic feet, and the average of six tests of candle-power was 45.73. In 

even experiments on naphtha the average yield was 79 cubic feet, 
candle-power 53.48. This is equivalent to a yield per barrel respective- 
ly of 3,053.82 and 3,338.58 cubic feet. According to l\lr. J. D. Patton, 
about 70 cubic feet of 80 candle gas, or 80 feet of 70 candle gas to 
the gallon, is the maximmn yield of petroleum or naphtha. A much 
smaller burner than the ordinary must be used for gas obtained from 
pure Albertite, petroleum, or naphtha; otherwise the flame will smoke, 
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and much light be lost, although, on account of their greater specific 
gravity, less of any of such gases would pass through the same burner 
in 31 given time. 
Reference has been made to the l
rge quantity of water-gas that 
is made by one ton of coal. In one of the procef:ses employed, the 
average result of four months' working was 1,000 cubic fe
t of gas to 
67.71 pounds of coal and 3.22 gallons of crude petroleum, or 33,082 cubic 
feet of about 19 candle gas to one ton of coal and 106.5 gallons petro. 
leum: allowing 70 cubic feet for each gallon of petroleum, or 7,335 feet 
for the whole, there remains 25,745 feet for the one ton of coal. It 
will be remembercd that the amount of gas obtained by distillation, 
from the very best coal, ranged between 10,000 and 16,000 cubic feet. 
'V' ater-gas contains as a rule 40 to 50 per cent. of hydrogen, 30 to 40 
per cent. of carbonic oxide, 10 per cent. of naphtha or petroleum 
gas, and a few per cent. of carbonic acid. The large proportion of 
l1('avy petroleum-gas (sp. gr. 0.600 to 0.700) and carbonic oxide (sp. 
gr. 0.967) makes its specific gravity much heavier than that of coal- 
gas; hut the hydrogen, which is the lightest known gas (sp. gr. 0.067), 
brings it down to between 0.500 and 0.600. 
It has been seen that the gas of common coal is of comparatively 
1)001' illuminating power, unless enriched by the gas of other coals or 
of petroleum, and that water-gas of itself possesses no illuminating 
power whatever. Although, in con
idering the nature of the different 
gases, their relative vahws were incidentally compared, it is necesRary 
to speak of them now more particularly. In regard to quality, it has 
been shown that naphtha-gas is the pnrest, since it contains no sulphur 
or ammonia, and that it is the l'iche
t, being from 60 to 80 can(Ue-})ow- 
er, while common coal-gas is only from 15 to 20 candle-power. It is 
also the most economical, alike for producer and consumer: for tbe 
consumer, because, owing to its higher specific gravity, it burns much 
more slowly than tbe coal-gas, while it also gives a better light. The 
higher the specific gravity of the ga8, the longer it will tnke to pass 
through a given orifice, and therefore the more slowly it will con- 
sume; and the higher the candle-power, the less gas is burned in giv- 
ing the same amount of light. It is more economical for the producer, 
hecause, in the first place, there is a great saving in its manufacture, 
ill the handling of the material. The retorts can be supplied continu- 
ously, and the frequent interruptions for recharging necessary, in the 
use of coal, are avoided. Each retort, too, can be made to produce a 
much larger amount of gas in the one case than in the other. About 
10,000 feet of petroleum-gas can be made daily with a single retort, 
against about 5,000 feet of coal-gas; and 60,000 to 70,000 cubic feet 
per day, per stoker, against 25,000 to 30,000. Hence there is a saving 
both of labor and wear and tear of works. ThE' cost of works for mak- 
ing pure petroleum-gas is also much less t113n that of coal-gas works. 
Notwithstanding these facts, the commissioners, whose report we have 
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been considering, did not deem it practicable to change at once to the 
use of pure petroleum or naphtha gas in Boston, as the burners in use 
are, for reasons already given, not suitable; the works employed to 
produce coal-gas are not adapted to this, and as the flame of })etro- 
leum-gas "burning in an appropriate burner is a very small flame," it 
would not in their opinion prove satisfactory to consumer8, although 
the amount of light would be the same if not greater. The objection 
that petroleum-gas in any form injures tbe metres was found to be 
without warrant. 
The practice which obtains with the Detroit l\Iutual COlnpany and 
others, of adding air to naphtha-gas to reduce its illuminating power 
so that it can be burned in an ordinary burner, was judged by the com- 
missioners to be the reverse of economical, to both the company and 
consumer, because the deterioration of the gas by tbis means is in 
greater ratio than the increase of its volume. It is sa.id that one per 
cent. of air will reduce the illuminating })ower six per cent., or more 
than carbonic acid, the removal of which is considereù nece
8ary 
by all ga
-engineel.8 for the sake of cconomy. It was for this reason 
tbat the first attempt to make illuminating gas from petroleum (that 
at Saratoga by the Gale and l{,aud procm
s) failed. 
'Vbat is true of the valuc of naphtha as a gas-making material used 
alone, is also true of its value as an cllrichm o . Expcrimcnts already 
here referred to, although not expressed in terms of equality, imply 
the superiority of naphtha to .Albcrtite, which is about the best 
of the cnriching coals. The yield from a ton of the latter, which costs 
about $25, was, on the average of a number of experimcnts made by 
the Boston Gaslight Company, ouly 14,694.4 cubic feet of 55 cand.le 
gas; while the yield of $25 worth of naphtha (valuing it at ten 
cents a gallon, which is rather high) woulù be 19,8';2.5 cubic :feet 
of 64.5 ca.ndle gas, or 5,178.1 cubic feet more gas of richer quality 
tha.n a ton of Albertite. By the use of naphtha, too, a la.rger amount 
of gas is obtamed from the orùinary caking coal. In enriching with 

\..lbertite the coal with which it i8 mixed i8 distilled in an iron retort 
at a comparatively low temperature; while, if naphtha be used, all of 
the common coal can be carbonized in a clay retort, which is acknowl- 
edged by all to be more economical, and all of the ga
 in the coal 
can be exhausted, so that about 1,000 cuhic feet more can be obtaineù 
})er ton. The iron retorts are more expensive than the clay, because 
their first cost is greater, and they do not last as long. In making 
gas on a lar.ge scale, about one-half the number of retorts can be dis- 
pensed with, in the use of naphtha as an enricher. The N ew York 
l\lutnal Gas COlnpany, for example, in this way, make as much gas 
with forty retorts as can be made in the other with eighty; and with 
the disuse of the extra forty retorts the labor necessary to tenù them is 
dispensed with. The increaseù yield of the coal by the use of naphtha, 
referred to just now, is demonstrated by practical experience to be 
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very considerable. Comparison of the result of a year's work obtailled 
by the New York l\Iutual Company, which uses naphtha for an enrich- 
er, and the Boston Gaslight Company, which uses Albertite, shows 
that the former obtained 10,975 cubic feet of 19 to 20 candle-power 
gas per ton of coal us('d, while the latter obtained only 8,779 cubic 
feet of 18 to 19 candle gas, a difference of 2,196 cuùic feet per ton in 
favor of the naphtha. 
In regard to the alleged danger in keeping large quantities of 
naphtha in store, the cümmissioners say: "There is no doubt that it 
is more difficult to extinguish burning naphtha than burning coal; 
but the statements that naphtha is like gunpowder (explosive), and 
dangerous to store, are erroneous. In fact, it is almost impo
siùle to 
mix naphtha-vapor and air so as to make an explosive mixture, for 
the reason that, when the proper amount of oxygen is prm:cnt, the 
mixture is diluted with so large a bulk of inert nitrogen tbat it can- 
not l)e ignited." In regard to the supply, they see no reason to fear 
that it will be inadequate to " any demand which may exist in the fu- 
ture." The oil-region extends over a wide expanse of country, em- 
bracing large districts in Pennsylvania, Eastern Ohio, "\Vest Virginia, 
I{entucky, Indiana, and "\Vestern Canada. The IJroduction in 1874 
was 10,910,303 barrels-larger than ever beforc by more than 1,000,- 
000 barrcls; the average price was 2.8 cents pCI' gallon, or $1.17 per 
barrel. 
The objections urged against water-gas are, that its specific grav- 
ity is too high; that it contains a large proportion of the extremely 
poisonous gas, carbonic oxide; and that the manufacture, being in its 
infancy, is not yet proved to be a success. The fi!"st is of no impor- 
tance, since the specific gravity, unless it is caused by the presence of 
a large amount of carbonic anhydride, is high in almost exact propor- 
tion as the illumination power is great. 
The commissioners say of the second objection that it is, in tbeir 
opinion, "sufficient to entirely preve
t the use of the mixed hydrogen 
and carbonic oxide" (unenriched water-gaR) "alone for beating pur- 
poses, for the reason that, since it is devoid of odor, its escape from 
{)ipes and diffusion through the air of an inhabited room, in dangerous 
amount, could not be detected. 'rhe addition to it of petroleum-gas 
as an enricher, for illuminating purposes, at once imparts to it a pecul- 
iar odor, as strong as that of coal-gas, which would lead to the im- 
mediate detection of a leak." Carbonic oxide is one of tbe most active 
poisons, producing, when inhaled, speedy death. Unlike carbonic 
acid, which, when it poisons, does so by merely preventing the 
entrance of air or oxygén into the lungs, as water does in case of 
drowning, so that persons affeeted can be readily resuscitated, it is a 
true physiological poison. And while the first can be rendered harm- 
less by a moderate dilution with atmospheric air, the last produces 
death almost as readily when diluted as when pure. It forms a com- 
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pound with the red coloring-matter of the blood, which is more 
stable than that formed by carbonic anhydride, and cannot be readily 
decomposed by oxygen. According to Leblanc, one volume of it 
diffused through one hundred volumes of air totally unfits it to sus- 
tain life; and it appears that the lamentable accidents which too fre- 
quently occur from burning charcoal or coke, in braziers ana ehafing- 
dishes, in close I"OOmS, result from the poisonous effects of the small 
nmount of carbonic oxide which is produced aud escapes combustion, 
since the quantity of carbonic anhydride thus diffused through the air 
is not sufficient in many cases to account for the fatal result. The 
commissioners, therefore, do not consider the use of water-gas as safe 
as that of coal or n:lphtha gas, but they say tbat the addition to it of 
petroleum-gas greatly diminishes the danger. So far-as they are aware, 
no accidents have occurred from its use in this country, although 
there have been several in Europe. The thirJ objection, that the 
manufacture of water-gas is yet in its infancy, is to a certain extent 
true, as, although it has been in use in Utica, N ew York, where the 
works were recently burned, anJ is in use in one or two small places, 
as Poughkeepsie, New York, and the 
1:1nayunk District of Philadel- 
phia, it has not ùcen aùopteù by any of the large companies of Eu- 
rope or America. 
By a comparison of the results obtained by the leading companies 
in this country anù Europe, some interesting facts are shown COnCf>rll- 
ing the cost of production, which, in the United States, has been 
shrouded until now in mystery-the value of the different processes, 
the prices charged, etc. The accounts of the London companies, aud 
of the companies of several other large European cities, are published, 
and therefore open to examination; but, with one or two exceptions, 
notably of the Philadelphia works, which are controlled by the city, 
this is not the case with .American companies, which are, on the con- 
trary, careful in guarding the secrets of their business. From most 
of them, certain items of information could be obtained by the com- 
missioners onlý under tbe promise of secrecy. The luices charged 
consumers in Europe are generally nUlCh lower than those charged in 
this country, and it seems that, owing to cheaper labor and better 
prices obtained for the resilluals (coke, tar, and ammoniacal liquor), 
the cost of manufacture is considerably less. The average price varies 
with companies and places, from $0.827 per 1,000 cubic feet at London 
to $1.51 at Paris. The lower price given, however, is charged by only 
one London company, the S. l\letropolitan; the priceR of the other 
companies are much higher, varying from $1.09 to 
1.367. The low- 
est cost of production, 59 cents per 1,000 feet, is reached by the 
London company just named, and the highest, $1.21, by the IIamburg 
company. The high cost in IIamburg is to be partly accounted for 
by the fact that the price of labor is higher there than in any other 
European city. In 1875 the lowest price in any of the large cities 
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pf this country was in Philaùe1phia-$2.30. In Boston the price was 
$2.50, and ill N ew York $2.75; these prices were, however, reduceù, 
in the early part of 187G, to $2.25 and $2.50, respectively. The prices 
charged in the smaller eitil's are, as a rule, much higher, being in 
SOUlC cases-Ashland and Bloomsburg, Pennsylvania, for example- 
as high as $10 per 1,000. In Detroit, l\lichigan, owing to a tem- 
porary war between an old aud a new company, the price was as low 
as 50 cents per 1,000 in one part of the city, and $1 in another; 
while in a third, supplied only by the pipes of the old company, it 
was $3. 
'Yith regard to the PLiladelphia company, which, as before stated, 
is under control of the municipal authOl'ities, it was found that, while 
the price charged was the lowest, the cost of tIle gas was the highest. 
It had been alleged that the authorities were in the habit of giving 
cmployment to laborers for political purposes about election-time, and 
it was found that the cost of labor was ten cents per 1,000 feet greater 
than in other works. The proportion of capital to l>usilJe
s done 
varies very greatly with difff>rent companies. In "... ashington, D. C., 
it was $1.46 per 1,000 cubic feet of gas sold, and ill Brookline, 
la8sa- 
chusetts, $17.50. "This," remark the commis::-.ioners, "must be due, to 
a great extent, to improper investments or expenditures, and is the 
great argument against any monopoly being i
 the hands of a private 
corporation, and in favor of its management by municipal authorities, 
since a corporation, having a monopoly, has the power to charge such 
a price as may be necessary to pay its dividends, and has, therefore, 
no inducement to diminish its capital, but, on the contrary, one to 
increase it." The average capital and borrowed money of the London 
companies, in 1874, was $4.5-1 per 1,000 cubic feet of gas sold. 
As information given them touching the net cost of manufacture 
was confidential, the commissioners were deterred from publi::-hing the 
facts as they found them, and forced to resort to giving an approxi- 
mation. For this purpose, they compare the K ew York )lutual Com- 
pany amI tbe Boston Gaslight Company, as l>eing more nearly on an 
equality, with respect to business done and capital employed, than 
any others, and deùuct the" amount of dividends and taxes pro rata 
}>er 1,000 cubic feet solJ from the average price of gas to the con- 
sumer." Each of these companies l)as all actual paid-in capital of 
$2,500,000, and bonds to the aUlOunt of B500,000. The first paid, in 
1875, twenty per cent. dividends on the capital, six per cent. interest 
on the bonds, and $50,000 taxes, making, in all, $580,000, which, 
divided among 509,000,000 cubic feet of gas sold, gives $1.14 for each 
1,000 fpet; tl1Ís amount, deducted from tI)e net price per 1,000 feet, 
$2".65, lea\res $1.51, which is supposed to be the cost of the gas; and 
that, the commissioners a
sure us, is even more than the actual co
t, 
In the same manner the cost of the Boston gas is a
eertained to 1)0 
$1.85 per 1,000 feet, or thirty-four cents more. This difference is 
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partly due to tl1C use of Albertite instead of naphtha as an enricher, 
which, as already shown, is more expensive, and partly to greater 
cost of common coal, labor, and distribution, and smaller receipts for 
residuals. The leakage, for instance, is only seven per cent. with the 
New York ltlutual, while it is eight and one-half per cent. with the 
Boston company. The commissioners, however, believe that the gas 
of this company ought not to cost the consumers more than $
 or 
$2.10 per 1 ,000 cubic feet. 
Examination of the gas of the New York l\Illtual showed it to be 
very pure, aud of a high illuminating !)ower. It contained of ammonia 
about one-quarter of a grain in 100 cubic feet, and less than nine 
grains of sulphur. Its specific gravity averaged 0.729, and its 
illuminating power between 20 and 21 candles. The London com- 
f>anies, as hefore stated, are IJrohibited by law from allowing the 
amount of ammonia in each 100 feet to exceed two and one-half 
grains, and of sulphur twenty grains, and fi'om permitting the candle- 
power to fall helow 16. The amount of ammonia in the Philadel- 
phia gas was found to be 52 grains per 100 cubic feet. ,-' The cau- 
dle-power," say the cOlluuissioners, "is always within the control 
of the company, antI it ought in no case to be allowed to fall below 
the London standard." In regarù to the charges of smokiness made 
against the gas of the New York .:\Illtlla] Company, the commission- 
ers, after a thorough investigation, ascertained that where smoke 
occurred it was due to the ignorance or carelessness of consumers in 
using unsuitable burners. 
All the principal water-gas works were visited, and found to be 
producing gas of good quality. The cost by the Harkness process, 
used at New London, Connecticut, exclusive of the cost of labor, 
purifying, and fuel for tbe petroleum-retort, which, by this process, 
requires a separate fire, was found to be about 75 cents per 1,200 feet. 
The Lowe process, in use in Utica until the works were burned, 
requires but one fire for decomposing both steam and petroleum, so 
that it possesses an advantage over tbe other in regard to the cost of 
production. The friends of this process claim that, manufacturing at 
the rate of 200,000 cubic feet per day, the gas can be made (coal being 
at seven dollars a ton, and petroleum at twelve and one-half cents a 
gallon) at a cost of 53 cents per 1,000 feet, exclusive of labor, fuel, 
and purifying. For the Gwynne-Harris process, in use at Poughkeep- 
sie, N ew York, it is claimed that the cost, under like conditions, is 
only 37.3 cents per 1,000 feet. 
The relation of a gas company to a municipality, the commission- 
ers say, is a peculiar one in many respects, and the company ought 
'not, thèrefore, to be viewed in the same light with other manufactm'- 
iug corporations. It supplies a commodity which is not a luxury but 
a necessity; the sale of its product is a limited one, being confined to 
the city or district which it supplies; and it is expected to lay its 
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pipes 1'0 that all who desire to burn gas may do 80, which entails an 
expcnùiture in di
tribution that is not, perhaps, repaid by the sale of 
gas in the partif'ular locality for many years; and a very large part 
of its first investment is ill material that would not give any return 
in case it became bankrupt, or desirous of withdrawing from the busi- 
ness. Therefore it is entitled to a great dcal of consideration, pro- 
vided it performs '
it8 duty to its customers, and is llOllorable ill all 
its transactions." .J..\. gcneral view is then taken of the London com- 
panies, the re
mlt of their competition, and the efÌorts which lwve 
beL'n made to control them Ly parliamentary enactments. In the 
efforts that were made from time to time, between 1820 alld 18.57, 
to reduce the price of gas, a number of new companies were char- 
tered and established, until at length thirteen existed, and in some 
of the streets the mains of three or four companies lay a:most in 
contact with t:'ach otl1pr. 'Vhen a leak occurrpd it was impossible 
to tell from which main tbe gas escaped-it was, in some place
, 
impossible to tell with certainty to what company a particular maiu 
belonged, and it sometimes happened that a consumer would usc the 
gas of one company and pay for it to :mother. The:::;e circumstances, 
of course, did not tend to lessen the cost of gas, and so tlH' com- 
panief' finally agrced to district the city off and abandon comreti- 
tion. Then followed a consoliùation of five companies with others, 
so that only eight remaincd, and latterly thrce of these consoli- 
dated into m1C, whereby the number is reduced to six-wllich r{'- 
suIt, corresponding as it does with the history of gas companies e!se- 
where, proves that competition does not o}wrate to :n'ùuce the price 
of gas. It only illustrates the truth of the remark made l)y John 
Stuart :L\Iill, and accepted by otller political economi
ts, that" where 
the competitors are so few (as in the case of gas compaIlie
), t}){,y 
always end hyagreeing not to compete. They may run a race of 
cheapness to ruin a new candidate, but as soon as he has estaLlislled 
his footing they come to terms with him." It eventually ends by the 
public having to pay the profits on two or more capitals instead 
of one. 
As early as 1820 a committee of Parliam{'nt, of wl)ich Sir ',illiam 
Congre'Te was chairmrrn, reported in favor of granting a monopoly 
under certain restrictions to each company in its own district; but the 
recommendation was not adopted. As the matter now stands the com- 
panies are restricted by law from charging more than 3s. 9el. }wr 1,000 
cubic feet, antI from paying more than ten per cent. divid{'nds on stocks. 
The law also compels the companies to suhmit their accounts to the 
inspection of an auditor, at his plllasure; to publish annual statements 
of the cost of mauufacture, profits, etc.; and it eÙ1powers the local 
municipal authorities to erect works and supply gas if the companies 
willl10t agree to sell gas for 3s. 9à.; aud tbe same authorities may, if 
they think that te!l per cent. dividends can be paid at a less priee 
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than 3s. 9el., call :for the appointment of three commissioners to reduce 
the price. And a company may call for a like commi
8ion to raise tbe 
price if 3s. pd. will not pay its al10tted dividend. 
'Vith regard to the manufacture of gas by municipalities, the com- 
missioners say that the best argument in its favor is, that about fifty 
cents per 1,000 feet of the gas sold must be applied to the payment 
of dividends to stockholders, while" a much smaller amount thån 
this, at the low rate at which money could be hired by the city, would 
be sufficient to pay interest on the capital, and at the same time allow 
a sufficient amount to be laid aside, in the fornl of a sinking-fund, to 
entirely liquidate the debt in a few years." However," as a rule a city 
cannot manufacture gas as cheaply as a private corporation, since it 
is almost impossible to avoid the influence of politics on any city 
undertaking." Concerning the Philadelphia works, which is the most 
notab1e example of municipal manufacture in this country, the com- 
missioners speak as follows: " Notwithstanding all the disad vantages 
arising from political influence in the management of these works, we 
find the protìts for the year 1875 to have been $793,244.12; and after 
dcdllCting for interest on the bonds, etc., the sum of $302,
86.21 went 
toward the increase of the Rinking-ful1d, which, on December 31, 
1875, amounted to $2,470,193.93, while the whole amount of outstand 
iug bonds is $5,400,000; thus leaving only $2,929,806.07 to be })ro- 
vided for, ,vhen the whole works, costing nearly $14,000,000, will 
become the unencumbered property of the city." 
The conclusions arrived at by the committee may be summarizecl 
as follows: That although Boston is supplied with gas of excel- 
lent quality, at a lower price than most other cities of tIle United 
States, the same could be made much cheaper than it is, by the 
use of naphtha or petroleum as an enricher, but it is doubtful whether 
the appliances for using that substance could be employed hy the 
Boston company without paying a considerable royalty, or becom- 
ing involved in lawsuits for alleged infringement of patents, which 
are, however, of doubtful validity; that the "Gwynne-Harris" and 
" Lowe" water-gas processes offer fair prospects of success, and 
should be carefully watched and studied; that the existing compa- 
nies in Boston, and other cities in l\lassachl1setts, f'hould be granted 
Inonopolies in their several districts, suhject, however, to the super- 
vision l)f a permanent Board of State Commissioners, similar to the 
Railroad Commissioners, and to a full annual publication of their entire 
business, and be required to keep their gas at all times up to an 
illuminating power of sixteen candles, free from snlpllUretted hydro- 
gen, and from more than twenty grains of sulphur and five of am. 
monia, per 100 cubic feet; and, finally, that the authorities of the 
city of Boston should be empowered by the Legislature to erect 
works and manufacture and supply gas to the citizens in case any 
company which, by the terms of its charter, is not subject to legisla- 
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ti \"e control, should refuse to comply with such reasonable sugges- 
tions as may be decmcd nccessary to insure puhlicity ill regard to 
its busincss, propcr inspection of its gas, and a limitation of its 
earnings. 


.... 
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T -'IIE position occupiC'ù by this gcntleman in American science is 
one of marked distinction as a successful original inyestigator, 
aud also as an efficient rcformer in the work of scientific education. 
lIe is known at borne and abroad both by the extent and importance 
of his experimental researches, and by the bigh-toned and thorough- 
going character of his expository works on chemistry and )}hysics. 
It is a fact of no little significance that, although Prof. Cooke had the 
advantage of a university training, he was self-taught in chcmistl.y, 
as his collegiate culture afiord('d no special preparation for his chosen 
field of labor, while the impulse whic1J started him in a scientific 
career came from popular lectures outside the university. Yet he 
has pr01mLly done more than any other man to give chemical science 
its proper status in the collegiate curriculum as a valuable discipli- 
113:ry study entitled to a leading place ill an effective system of libel'al 
culture. 
JOSIAH PARSONS COOKE, Jr., was born in Boston, October 12,1827, 
and is a descendant of :Major Aaron Cooke, who emigrated from 
England in ] ü30, and became one of the first settlers of Dorchester, 
and afterward of X orthampton, :Massachusctts. His father, a lawyer, 
is still living, at the at1vanced age of ninety, the oldest member 
of the Suffolk B3r. 
Young Cooke received his early education at the Boston Latin 
School, and entered IIarvard College in 1844, where be graduated in 
1848. After passing a year in Europe for the recovery of his 11eaIth, 
he returned to the university in 1849, as Tutor in ]lath
matics. He 
was soon afterward appointed Instructor in Chemistry, and at tIle 
close of the following year he succeeded to the Erving Professorship 
of Chemistry and 
Iinel.alogy, which he has held ever since. 
Prof. Cooke never had thp advantagps of a European education, 
or indeed of any systematic teaching in science. lIe acquin'd his 
taste for cbemistry at the early lectures of the Lowell Institute, in 
Boston, given by tbe elder Silliman, and, with tbe apparatus he had 
collectetl in a little laboratory in his father's house" hile a boy, he 
began bis first course of lectures at Cambridge. For several years 
preceding his appointment no regular instruction in chemistry had 
been given to the undergraduates, and he had, therefore, the whole 
labor of developing this department of the college from the begin- 
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ning. Although scientific schools had been previously e
tablished, 
l)oth at Calnbridge and at :N ew Ilaven, yet Prof. Cooke was probably 
the first to introduce into our American colleges the experimental 
method of teaching physical science. He was, at first, greatly 
hampered by the inflexible recitation f1.ystem, then universal, and 
success was only gained after many trials; but IIarvard College 
may now claim to offer its undergraduates as broad and thorough 
instruction in the various departments of chemistry, including min-' 
eralogy, as any similiar institution in the world. Like most American 
men of science, Prof. Cooke's first duty was to teach, and his time 
and energy ha,.e accordingly been chiefly spent in developing methods 
of science-teaching, in building laboratories, in making collections, 
and in providing the various means of scientific instruction. 
In connection with his teaching Prof. Cooke has published the fol- 
lowing 'books: 
"Chemical Problems and Reactions, to accompany Stöckhardt's 
Elements of Chemistry," in 1857; "Elements of Chemical Physics," 
in 1860; "Principles of Chemical Philosophy," in 1869. 
In a notice of the last book the London CIW1?1.Ïcal ..J..'7',;reu:s say
: "So 
far a
 our recollection goes, we do not think that there exists in any 
bnguage a hook on so difficult a subject as this, so carefully, clearly, 
and lucirlly written;" and in noticing the same book tbe American 
Journal of Science says: "To Prof. Cooke, more than to any Ameri- 
can, is due the credit of having made chemistry an exact and dis- 
ciplinary study in our colleges." 
Prof. Cooke has given many courses of popular lectures ill different 
cities-Lowell, 'V Ol.cester, Brooklyn, Baltimore, and 'Yashington-be- 
sides five courses at the Lowen Institute in Boston. His course of 
lectures at the Brooklyn Institute, in 1860: was subsequently published 
under the title of" Religion and Chemistry; or, Proofs of God's Plan 
in the Atmosphere and its Elements" (1864). In these discourses he 
aimed to show that the argument for design is not invalidated by the 
theories of evolution. 
.A.. course of lectures on electricity at the Lowell Institute, Boston, 
in the winter of 1868-'69, was followed by tbe publication, in the 
Journal of the Franklin Institute, of a series of papers on the" Abso- 
lute System of Electricall\Ieasurements" and on tbe "Theory of the 
Voltaic Battery." In the last he developed a new theory of elec- 
tricity, which has also been embodied in the 1ater editions of his 
"Chemical Philosophy." This tbeory, like that of Dufay, admits 
two electrical fluids; but it regards these as separable constituents 
of the ether of space. These ethereal fluids, more or less blended, 
form an atmosphere around every molecule held in place by the im- 
mense force of molecular attraction; and when, by the various causes 
of electrical disturbance, the electrical ethers become more or less 
isolated on the same or on different molecules the two tend to flow 
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togetlwr with great rapidity in virtue of tl.1eir wonderful elat'ticity. 
If we assume that this motion takes place in accordance witb the 
well-known laws of the difthsion of gases, the theory giyes a satis- 
factory explanation of all well-established electrical phenomena. 
In the autumn of 1872 Prof. Cooke delivered an interesting and 
important course of lectures on the " New Chemistry," which was 
subsequently published in the" International 
cientific Series." IIis 
volume is one of the best and most successful of tbese books, and has 
been very highly appreciated both in this country and abroad, having 
been traul5latcù into most of the languages of Europe. 
Among Prof. Cooke's lesscr scientific publications may be men- 
tioned tlw following: 
1. "On the Relation between the Atomic Weights of the Chemical Ele- 
ments" (" .Memoirs of the American Academy," vol. v., 1854). 
It was first shown in this paper that when the elementary substances are 
classified in natural groups, their atomic weights and other ph
'sical qualities are 
related by regular differences. 
2. "On Two X ew Crystal1ine Oompounds of Zinc and Antimony, and on the 
Cause of the Variation of Composition observed in their Cr:rstals" (" :Memoirs 
of the American Academy," vol. v.) 1855). 
This investigation proved that the crystalline form of these compounds was 
preserved under very considerable variations of composition, and indicated thnt 
the excess of one or the other constituent depended not solely on the comp(J
i- 
tion of the menstruum in which the crystals were formed, but also on the chemi. 
cal force which determines the union of the elements in definite proportions. 
The subject was still further discus.sed in the following paper, publi
hed during a 
visit to England. 


3. "Crystalline Form not necessarily an Indication of Definite Chemical 
Composition, or on the Possible Variations of Composition in a Mineral Species 
independent of the Phenomenn of Isomorphism" (Philosophical .Jlagazine for 
J nne, 1860). 


4. H On the Dimorphism of Arsenic, Antimony, and Zinc" (.American Journal 
of Scienæ for 1\larch, 1861). 
It was here proved that all three of these elements are capable of crystallizing 
in octahedrons of the regular system. 
5. "On Octahedral Galena" (.American Journal of Science for January, 
18(3). 
In this it was shown that the octahedral cleavage in this singular 'f3riety 
of galena from L
anon County, Pennsylvania, is merely an unusual develop- 
ment of a constant condition. 


6. "Cr)-staUographic Examination of the Hebron Childrenite, nnd Compnri- 
f:on of this Variety with tbe Childrenite of Tavistock" (.American Journal of 
Science for Sèptember, 1863). 
7. I. Crystallograpllic Examination of tIle Acid Tartrates of Cæsia and 
Rubidia" (.American Journal of Science for January, 1864). 
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8. "On the Projection of the Spectra of the Metals" (American Journal of 
Science for September, 1865). 
9. "On the Construction of a Spectroscope with a Number of Prisms by 
which the Angle of Minimum Deviation for any Ray may be accurately 
measured" (American Journal of Science for November, 1865). 
10. "On the Heat of Friction" (" Proceedings of the American Academy," 
1865). 


11. "On the Aqueous Lines of the Solar Spectrum" (" Proceedings of the 
American Academy," 1866). 
By comparing observations with the spectroscope and the hygrometer, it was 
in this paper :first shown that a large part of the air-lines in the solar spectrum 
are due to aqueous vapor. 


12. "On Danalite, a New Mineral Species from the Granite of Rockport, 
Massachusetts" (American Journal of Science for July, 1866). 
This is a well-marked species allied to Helvin, but containing zinc in place 
of manganese. 


13. "On Cryopltyllite, a New :Mineral Species of the Mica Family, with Some 
Associated Minerals in the Granite of Rockport, Massachusetts" (Ame-dcan 
Journal of Science for March, 1867). 
Besides establishing a new species, this paper shows that in the veins of the 
Rockport granite there are closely associated a unicilicate and a bisilicate mica, 
which are isomorphous with each other, a circumstance which renders probable 
the theory that the wide variations in tIle composition of the micas may result 
from an isomorphous mixture of two similar types. 
14. "On Certain Lecture Experiments, and on a New Form of Endiometer" 
(American Jouraal of Science for September, 18(7). 


15. "A :Method of determining the Amounts of Protoxide of Iron in Sili- 
cates not soluble in the Ordinary :Mineral Acids" (American Journal of Science 
for November, 1867). 


16. "Crystallographic Determination of Some American Cblorites" (Ameri- 
can Journal of Science for September, 1867). 
The paper gives some new measurements of angles, and shows that there 
are two crystallographic types of chlorites corresponding to tbe well-known 
types of micas. It is further shown that there is a variation of optical angles 
in the chlorites, even on the same specimens, like tllUt observed with tbe micas, 
and the inference is drawn that the variation is due to a similar cause. 


17. U Atomic Ratios" (American Journal of Science for May, 1869). 
It was for the first time pointed out in. this paper that what mineralogists 
bave long caUed the oxygen ratio of a silicate is reany the ratio between the 
atomicities of the acid and basic radicals in these salts. 


18. U The Vermiculites-their CrystaUographic and Chemical Relations to the 
Micas, together with a Discussion of the Cause of the Variation of the Optical 
Angle in these Minerals" (" Proceedings of the American Academy," 1873). 
This monograph contains the chemical analyses and crystallographic descrip- 
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tions of several micaceous minerals whicb are here classified together, and 
shows that the variations of tIle ol)tieal angle in tbe micaceous species is due 
to the interfoliation of the different members of a macIe. It also points out 
the close relation between hexagonal and trimetric crystals by showing that a 
hexagonal form and structure may result from a similar macling of trimetric 
crystals the prismatic angle of which is 120 0 . 


19. ")[elanosiderite, a New 
Iineral Species from Mineral nill, Delaware 
County, Pennsylvania" (" Proceedings of the American Academy," 1875). 
20. "On Two New Varieties of Vermiculites, with a Revision of Other 
:Members of this Group," published in connection with F. A. Gooch (" Proceed- 
ings of the American Academy," 1875). 
21. "On aNew Mode of manipulating TIydric Sulphide" (" Proceedings of 
the American Academy," 1876). 
This in application of the soda-water fountain, by which hydric sulphide is 
òissolvell in water under pressure, and the magnet readily applied in a concen- 
trated form. 


22. "On the Process of Reverse Filtering, and its Application to I.arge 
Masses of Material" (" Proceedings of the American Academy," 1876). 


This enumeration occupies but a small space; but when it is con- 
sidered that each paper ouly states the results of elalwrate and pro- 
tracted original and experimental investigation, where the unverified 
guesses and the trials that go for notlâng do not appear, we can form 
some iùea of the amount of labor involved in the quiet ]ife of a true 
scientific man. 
Prof. Cooke has also written various articles for encyc10pædias and 
reviews, and puhlished several addre!'1ses. His discourse on "Sci- 
entific Culture," delivered at the opening of the F.ummer courses of in- 
struction in chemistry, at IIarvard University, July 7, 1875, printed 
III THE POPULAR SCIEXCE l\IosTIILY for September, 1875, and repub- 
lished in London, was one of the ahlest contributions to the literature 
of scientific education that have appeared in a long time. Prof. 
Cooke's life has been one of valual>le scientific service, which has, 
moreover, met with 
vide and cordial ar'preciation. lIe has l>cen hon- 
3red by the membership of many learned societies in this country 

nd in Europe, and was quite recently elected foreign honorary mem- 
ber of the Chemical Society of London. 
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EDITOR'S TABLE. 


HONOR TO .ADAM" SJIITH. 
A BOUT a hundred gentlemen sat 
down to dinner at Delmonico's, 
December 12th, in commemoration of 
the centennial anniversary of the publi- 
cation of Adam Smith's "'V ealth of 
Nations." The occasion was an inter- 
esting one, and the various topics sug- 
gested were treated with an earnest- 
ness and ability of which the public 
got but a very imperfect idea through 
the newspaper reports. 1tfl-. Parke 
Godwin presided with efficiency, and 
made a very instructi ve opening speech, 
which was followed by addresses from 
Mr. Bigelow, Mr. Atkinson, Mr. D. 
A. Wells, Prof. Sumner, and Dr. An- 
derson, of the Rochester University, 
each of which brought out an impor- 
tan t aspect of the great subject of free- 
trade. 'Vhile Adam Smith was hon- 
ored as the chief historic representa- 
tive of rational and liberal views in 
regard to the liberty of commerce, it 
was pointed out that his position may 
be easily misconceived, and his claims 
exaggerated. "
ithout denying the 
proposition of Mr. Buckle, that Smith's 
"Inquiry into the N atnre and Causes 
of the Wea1th of Nations" is probably 
the most important book in its influ- 
ence upon the policy of states and the 
economical welfare of mankind that 
was ever written, it was shown also 
that Adam Smith was but the mouth- 
piece of his age; that a preceding gen- 
emtion of inquirers had prepared for 
him; that the French economists were 
in advance of Europe in their economic 
views; and t11at an elaborate French 
work appeared in 1776, simu1taneously 
with the" Wealth of Nntions," in which 
the same conclusions were re
\Ched, and 
enforced with great clearness and pow- 
er. As stated by Mr. Bigelow, it was 
but another case so common in the 


progress of scientific investigation, 
where the ideas reached belong rather 
to the epoch than to any individual 
exponent of them. 
Mr. Wells gave an admirable ac- 
count of the workings of the restric- 
tive system, which burdened the indus- 
tries of Europe from the middle ages 
down to the time of Adam Smith. He 
showed that the fundamental idea in 
all business transactions, whether be- 
tween nations or individuals, was that 
parties trading were in nece
sary rela- 
tions of enmity, and that what one man 
or one nation gained the other party 
inevitably lost. So radical was this 
antagonism regm.ded between men, 
guilds, and different countries, as to 
find expre:;sion in Hobbes's theory that 
the state of man in society is one of 
necessary nnd perpetual war. The 
merit of Adam Smith was, that he 
demonstrated the utter fallacy of this 
view, and proved that by the natural 
laws of trade the advantages of ex- 
change are mutual, and that in its 
largest possilJle fl.eedom there will 
accrue the largest possible benefits to 
all. Christianity had been trying for 
many centuries to enforce the golden 
. rule of mutual justice as a matter of 
duty, to be carried out even though it 
involve suffering and loss; Adam Smith 
showed that the rule of right in human 
intercourse, so far as trade is concerned, 
produces reciprocal good, and is for the 
pecuniary interest of both parties. 
Dr. Anderson maintained forcibly 
and impressively that free-trade is to 
be placed on tIle broadest grounds of 
morality. The liberty of commerce he 
held to be a God-given right as much 
as any other kind of liberty; and the 
restrictions upon trade to be just as 
immoral and vicious as interference 
with other forms of freedom. A man 
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has a natural and inalienable rigllt to 
his personal freedom of action, to the 
use of his muscles, and the employment 
of his powers, in any manner and direc- 
tion that he chooses; to contravene 
this is slavery. .A man has a right to 
the use of bis mind, to freedom of 
thought and speech; and to interfere 
with this is tyranny. A man also has 
a natural right to freedom of exchange 
of the products of labor, to buy and to 
sell, as he pleases and where he pleases; 
nnd every arbitrary impediment to this 
liberty is despotism. In the advance of 
ci dlization, and through the struggles 
of ages, personalliLerty of action and 
thought has been secured; but it still 
remains to extort from governments 
absolute freedom of commercial inter- 
course, whether on a small scale or 
large. Dr. Anderson paid a compli- 
ment to the great abstmct thinkers- 
Grotius, t:;mith, finù .Bentham-who, 
although only scholars and philoso- 
phers, have exerted a powerful influ- 
ence upon the modern world; and he 
stated that free-trade doctrines are now 
taught in all our best colleges so effi- 
ciently that this influence will be cer- 
tain to tell in the future settlement of 
the question. 
Prof. Sumner took up, briefly, the 
present state of political economy, 
and remarked upon its incompleteness 
and the conflict of views that Ims 
recently sprung up in regard to its 
scope, its validity, and its permanence. 
Wbile many of its questions will have 
to be furtber elucidated, wbile much 
that was at first laid down as true has 
required revision, and while other forms 
of know ledge are reacting upon and 
modifying it, Prof. Sumner is of the 
opinion that political economy must 
stand in tho future as an established 
division in the classified hierarchy of 
the sciences. 
Mr. Sanborn, of Boston, followed 
this line of thought in some remarks on 
the relation of politiml economy to so- 
cial science. In that closer interdepen- 
VOL. x.-3
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dence of the various forms of know l- 
edge which has re
ulted from scientific 
investigation our views become en- 
larged, and it is apparent that tbese 
t:mbjects must more and more be con- 
-:,idered together. Political economy 
will suffer if 
tudied exclusively, or 
with no reference to tllat philosophy 
of man and society of which it is but 
a part. 
Dr. Leverson closed the speech- 
making by an appeal to introduce the 
study of the rudiments of political 
economy in our schools. He testified, 
from his own large experience as a 
lecturer, both in England and in this 
country, that pupils in schools may be 
very early interested in an elementary 
knowledge of economics, or of the 
sources of familiar tlångs and the busi- 
ness operations by which they are 
procured. He thought this was tlle 
proper place to begin the study of so- 
cial science. 


SOt'IETIES FOR TIlE DIFFCSIOX OF 
SCIENCE. 
TilE necessity of associated nction 
for the attainment of dcsirab]e and 
important public object::; is genera]]}" 
understood, as is shown by the numer- 
ous societies and or
aDizations for tbe 
promotion of religious, poJitica], phil- 
anthropic, literary, historical, and sci- 
entific objects. The directions taken 
by such associations in re:-;pect to the 
interests to be promoted are, of course, 
various, and well represent the state of 
intelligence, the culture, the mental 
preoccupations and aspimtiou
, of the 
community in w hicb such societies are 
formed. As regards science, the or- 
ganization of societies for its promo- 
tion has main]y had for its object 
the encouragement and aid of original 
observation and research; and, as men 
devoted to independent inquiry are not 
numerous, and are widely scattered, 
such a:,sociations are neither large in 
numùer nor strong in their member- 
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ship and support. :Moreover, from the 
nature of their objects they are m-ore 
completely cut off from public interest, 
sympathy, and patronage, tuan any 
other societies. In speaking of the 
meeting of the American Associa- 
tion for the Advancement of Science, 
heM. at Buffalo last August, we called 
attention to tbe duty of scientific men 
to take the public more into the ac- 
count in the organization of their 
work, and we showed how that might 
be done without any detriment to the 
proper objects which the convention 
had before it. Of aU the subjects that 
are now promoted by social combina- 
tiond, that of the diffusion of science 
owes the least to such agencies. The 
work of disseminating scientific knowl- 
edge among the people goes slowly on, 
by means of the pre3s, by schools, and 
by lectures j but it would be much 
more vigorously prosecuted if it were 
made a distinctive and prominent ob- 
ject, either in associations expressly 
formed fur the purpose, or in societies 
that combine different lines of effort 
in the general purpose of popular in- 
struction. It is gratifying to note the 
multiplication of scientific academies 
in the leading cities of the country, 
which bring together observers and in- 
vestigators, and call out original con- 
tributionH that prove to be valuable 
and worthy of publication in an annual 
volume of "Transactions." But such 
associations can only be sustained at 
the larger centres of population, and 
even there they must struggle hard to 
maintain their existence. But if these 
bodies embraced within t.heir plans, as 
a leading ana permanent object, the 
diffusion of science through the com- 
munity and the scattering of valuable 
information upon practical subjects, 
there can be little doubt that they 
would be better sustained, both by at- 
tenJ.ance at their meetings and by the 
contribution of funds to carryon their 
operations. Moreover, in the smaller 
cities and towns, where the higher 


work of science is impracticable from 
the fewHess of its cultivators, societies 
promotive of popular scientific educa- 
tion might be created that would do 
efficient and valuable service. Scien- 
tWc libraries might be collected, scien- 
tific essays contributed, and followed 
by instructi ve di:;cnssiuns, and courses 
of lectures secured from competent 
men on subjects that would enlist the 
att
mtion and secure the liberal patron- 
age of the public. In every town of 
five or ten thousand inhabitants a 
dozen active, thoughtful, and spirited 
men might be found, competent to or- 
ganize and manage such a society, that 
would effect much good in the local- 
ity j and, if a(ljacent towns did the 
same thing, much might be gained in 
various way:; by coöpemtion. Only 
one thing is needed to achieve this re- 
sult, and that is, a hearty interest and 
some enthusiasm in the enterprise on 
the part of a few individuals to carry 
it on. 
"r e by no means claim that such an 
association 
bould be exclusively scien- 
tific in its aims. It might embrace lit- 
Cloature, local hbtory, political econo- 
my, and various social questions, among 
its objects. ".,. e only urge that the 
popular diffusion of scientific informa- 
tion should be an essential element 
and a clearly-recognized object. From 
such modest and perhaps ill-defined be- 
ginning
 valuable and lastin
 institu- 
tions have often arisen. 1Ve have met 
with some remarks in a paper on the 
"Historical bocieties of the United 
States," contributeL1 to the Report of 
the Bureau of Education in Washing- 
ton by Dr. Henry H. IIolme
, Libra- 
rian of the 
 ew York State Libmry at 
Albany, which aloe so suggestive in re- 
lation to this subject that we take the 
liberty of quoting them: 


" To theRe observations on the question 
of enlarged plans for local Rocieties, we vent- 
ure to subjoin the further inquiry, whether 
most county and town societies might not, 
with incalculable advantage, combine with 
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historical research the study of science, art, 
and natural history 1 Every locality already 
bas its military, fire, dcbating, litcrary, so- 
cial, or charitable society. It is incredible 
that there should be so few simply for tho 
pursuit of knowlcdge to the acquisition of 
which all mcn are so naturally impelled and 
in which they manifest so deep an interest. 
The same motiyes 2 which dispose some of 
the lcading minds of a place to nssociate for 
the sake of preserving its history, must be 
operating in the minds of others, their 
neighbors, to desire to acquire and commu- 
nicate knowledge in other forms. On the 
part of those interested in history it should 
be regarded as a strong reason.for extend- 
ing the scope of their society, the consider- 
ation that when confined to a single SUbjéct 
it wm depend for its permancnce on the ac- 
tj..,'ity of two or three mcmbers. It docs not 
afford a basis sufficient for the active co- 
operation of more than a small portion of 
the cultivatcd minds of the place; the topics 
either soon become. exhausted as matters 
of continual l'esearch, or the information 
is meagre and accumulates slowly, and the 
popular interest diminiahes; the meetings 
ceasc to be attended, and the society either 
dics of inanition or languishes while stand- 
ing in the way of a new organization on a 
more comprehensive plan. 
"It may be urged IìS an objéction that 
some of our societies have commenced \\- ith 
the title of 'historical and philosophical,' 
and have not been remarkably Ruccessful. 
Others, huwever, have tried tlJe plan of 
conjoined aims, and congratulate themselves 
on the result. The Essex Institute of Sa- 
l
ll1, 
Iassachusetts, was formed in 1848 
from the union of a county historical and a 
county natural history society, and organ- 
ized on a popular basis of large member- 
ship, having' at the present time four hun- 
dred and eighty members. With the aid 
of historical and scientific workers it is 
prosecuting both branches with an efficien- 
cy, as shown by its publications, which 
must compel imitation. The Albany Insti- 
tute, New York, has been perpetuated with 
\"arying fortunes for forty-six years, and 
has four departments of re:;;earch-physical 
science and the arts, natural history, his- 
tory, and general literature. It has at no 
time becn so promising an organization as 
at thc present, when it has been extended 
to a mcmbership of two hundred and four. 
A similar successful society is the Literary 
and Philosophical Society of Liverpool, 
England, founded in 1846, which has oycr 
two hundred mernbers, snd bas published 
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twenty-eight volumes of its' Transactions.' 
The subjects treated of in these conform, 
in fair proportion of literature, history, and 
science, to the name of the society. One 
motive assigned in its constitution for or- 
ganizing the society, 'to modify the local 
tendency to tbe pursuit of commerce,' is 
capable of receiving a wider application. 
" We have purposely alluded to the large 
membership in these three societies, be- 
cause a latc scientific writer, speaking of 
the frequent failures of the learned socie- 
ties of the United Stntes, declares that they 
have died from · a constant enlargement of 
the range of membership, and consequent 
lowering of the tone of the society' (.i.\ol'th 
American Review, October, 1874). And yet 
we draw from this same writer the two 
facts that the membership of the leading 
English societies ranges from four hundred 
to one thousand or several thousand mem- 
bers, and that the nnnual tax on each mem- 
ber is from two to four guineas. Vol e should 
infer from these facts that, by a large mem- 
bership, an abundant income is secured for 
the purposes of a society, and that the 
original papers of the men of 8cience who 
are joined with them can be publi8hed, alld 
the expense of their investigations pro- 
vided for. A large membership secures 
friends, an audience, an in
ome, and ele- 
vates the purposes and aimR of all. Some 
aid by active efforts, some by pecuniary 
help, and all by the sympathy of a common 
purpose. Membership is not a reward of 
merit, acquired for achievements in litera- 
ture or science, but an encouragement and a 
stimulus both to the less learned and the 
most learn cd. It ought not to be difficult 
to combine the man of research with the 
intelligent aspirant for knowledge, who ed- 
ucates himself for simi1ar researches by 
means of the companionship. To tIle man 
of science or invention it must be desirable 
that he should have the encouragement of a 
listening audience, and be brought in con- 
tact with men of varicd pursuits, outside 
of his specialty. It affords him a'n opportu- 
nity at least to utter his words of scientific 
truth before his fellow-citizcns. To make 
an addition to the sum of human knowl- 
edge, or to diffuse find inspire a love of it, 
may be of equal importance to humanity. 
"In sUf!'gesting this combination of varied 
objects of pursuit, we are not, of course, 
supposing that academies of scientists can 
be founded everywhere; but we cannot re- 
sist the :belief that in most counties and 
towns there \\ ill be found a sufficient number 
of men of education, of all professiollR, occu- 
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p
tions, and opinions, disposed to unite for I 
the mutual pursuit of history, science, and 
the arts; and that they will engage in it, 
not in a spirit of exclusivenesR, but of be- 
nevolence, aiming to develop a love for the 
most elevated and accurate forms of knowl- 
edge. It should be easy, in a multitude of 
places, for associations formed with these 
blended p
rposes to sustain twice a month, 
or even weekly, during a large part of the 
year, meetings for the purpose of listening 
to papers, original or compiled, from mem- 
bers or invited speakers, or for the discus- 
sion of any topic introduced. By some such 
method as this, local so
ieties would be- 
come schools of thought and learning for 
the active members of the community in 
hundreds of our towns and cities. Tbere 
might naturally follow a union of the socie- 
ties of a State under a general society, for 
t
le publication of such papers as might be 
dl:emed suitable. 
" The extensive formation of such socie- 
ties throughout the land seems so full of 
promi8e and so potent for good as to justify 
the establishment of a national society for 
the organization of associations for the pur- 
suit of knowledge. Such a SOCIety migbt 
initiate efforts which would have the cordial 
support of co-workers in every State of the 
Union. The original name of our oldest 
learned society, the American Philosophi- 
cuI, of which Franklin was the first presi- 
dent, was 'The American Society for Pro- 
moting and Propagating Useful Knowl- 
edge.' The title is an indication of the ex- 
panded and benevolent designs of its found- 
ers. This society bad, also, its standing 
committee on history and commerce. If the 
Smithsonian Institution, founded 'for the 
increase tìnd diffusion of knowledge among 
men,' should be able to incorporate, with 
its present benefactions to science, the sup- 
port of an agency for encouraging such so- 
cieties as have been described, it might be 
.hoped it would not be a departure from the 
spirit of its founder. It would be an agen- 
cy, by whatever association it should be 
controlled, for introducing and promoting- a 
plan for enlisting tens of thousands in the 
direct study of science, art, and history. 
Such societies would be the means of edu- 
cating many communities to a loving appre- 
ciation of scientific investigations, and of 
correct views of human history. They 
would contribute incalculably to the prog- 
ress of American society and to the hap- 
piness of millions." 
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ELE)[E
T8 OF PHYSICS, OR NATURAL rHlLO
- 
OPHY. By KEIL ARNOTT, 
1. D., LL. D., 
F. R. S, Seventh edition, edited by ALEX- 
ANDER BAIN, LL. D., and ALFRED SWAINE 
TAYLOR, M. D., F. R. S, New York: D. 
Appleton & Co. Pp. 873. Price, $3. 
'VE are glad to see this sterling and fa- 
vorite work brought up to date, as it is in 
the edition now issued. A generation ago 
Arnott's" Physics" was the leading text- 
book on natural philosophy both in Eng- 
land and this country, and we much ques- 
tion if for educational purposes anything 
equal to it has appeared since. We bave 
physical text-books with finet' pictures, but 
we have gone to an e
cess in this direction, 
and greatly overdone the pictorial element. 
It is an objection to large, elaborate, and 
profuse illustrations, that they are costly, 
that they trench upon the text, and often 
give prominence to trivialities, simply be- 
cause they afford an opportunity for a 
showy engraving. The illustrations of a 
high-grade scientific book should be simple, 
and severely subordinated to the ideas they 
exemplify. The cuts in Dr. Arnott's book, 
while having no merit as mere pictures, are 
p
rfect1y sufficient for their purpose of illus- 
tration. 
There is another objection to our recent 
text-books of physics in the want of balance 
or proportion in treating of subjects. The 
rage for the new, and what is called keep- 
ing up "ith the times, has led to undue 
prominence in representing the last results 
of science, and to a corresponding neglect 
of those established facts and principles 
which have lost their novelty because they 
are old and well-settled. A book filled with 
the recent wonders of research may be ex- 
citing, and full of interesting information, 
but these qualities cannot commend it to 
students whose object is to acquire the body 
of principles that constitute a science. In 
this respect, and in physics especially, the 
value of the old greatly preponderates over 
that of the new. No doubt such works 
should be up to date, and represent" the 
present state of science," but facts disco\"- 
ered a great while ago, and long-determined 
laws, are quite as much parts of the present 
state of science as the last results of in- 
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worthy chiefly as cmanating from a digni. 
tary of the University of Cambridge. Those 
in quest of objections to Spencer's system, 
and not very particular about their quality, 
wiJI find in this volume a great deal of ma. 
terial adapted to thcir purpose. But as a 
polemic it is by no means equal in subtilty, 
force, or originality, to various replies to 
Spencer that have previously appeared. In 
our judgment, it is quite inferior in logical 
acuteness to Prof. Bascom's criticism in the 
Bibliotheca Sacra of last October, "hile in 
candor, courtesy, aud philosophic liberality, 
the English author is not for a moment to be 
compared to the American reviewer. The 
book is dominated by an intense theologi- 
cal bias, and is written from the stand. 
point and in the interest of the most un- 
modified type of orthodoxy. The author 
writes in behalf of such vast interests that 
he cannot be trusted. Absorbed in the 
interests of the eternal world, he is lax and 
careless about the things of this world- 
does not represent them as they are. In 
the first chapter, and on the very first 
page, he says tbat in Spencer's system of 
thought "science is identified "ith ph)'s. 
ics," and that this is the way he reconciles 
religion and science. This, of course, is 
absolutely false, and not only so, but it is a 
misrepresentation so fundamental as to 
taint the work through and through. A 
writer who would commit so flagrant a mis- 
representation at the threshold of his work 
forfeits at once his claim to the confidence 
of intelligent readers, who will see that a 
discussion so vitiated and loosely carried 
on is not worth pursuing. 
Dr. Birks makes wholesale objectionB 
to the doctrines of the Lnknowable, the 
Relativity of Knowledge, the Indestructi. 
bility of Matter, the Conservation of For'ce, 
Evolution and Natural Selection, and closes 
his book by saying: U The doctrine of the 
Gnknowable is a lo"er depth in the scale of 
intellectual and spiritual darkness than the 
MODERN PHYSICAL F ATALJSM, .A
D THE Doc- old Athenian idolatry. The Persistence of 
TRISE OF EVOLCTION, INCLUDING AN Ex- Force, and the Indestructibility of .Motion, 
AMI NATION OF MR. HERBERT SPEYCER'S when set up to replace the true and Jiving 
U FIR!'T PRINCIPLES." ßy THOMAS RAW- 

ON BIRKS, M. A., Kni
htbridge Pro- God of the Bible, the Almighty Creator of 
fessor of Moral Philosophy, Cambridge. heaven and earth, "ill be found on inquiry 
New York: Macmillan & Co. Pp. 311. to be still meaner and more worthless than 
Price, $2.25. the old heathen idols of wood and stone. 
'VE have here another attempt to de- \ One sentence of the 'Vord of God, in the 
molish Herbert Spcncer, and it is note- song of the beavenly elders, la).s the foun. 


quiry. In this respect, also, Arnott's" Ele- 
ments of Physics" is more harmonious and 
well-proportioned than many of the later 
works upon the subject. Its careful editors 
have brought it up to date by introducing 
dear accounts of the various advances in 
physics that have been made during the 
last twenty years. The modern doctrines 
of Energy, Correlation of Forces, the .Me- 
chanical Theory of Heat, tbe Kinetic Theory 
of Gases, Barometric Gradients, 'Veather 
Areas, and Storm - signals, Tyndall's and 
Helmholtz's Acoustical Investigations, Spec- 
trum Analysis, the Radiometer, and many 
other results of research in recent years, arc 
all introduced ill their appropriate plac('s, 
and briefly and succinctly explained. But 
they fall into their proper relation as but a 
small part of the great system of truths that 
must now be compl'ised in any standard trea- 
tise upon the science of physics. The editors, 
we observe, have caught the spirit of the 
work, and assimilated the new matter to the 
method of exposition adopted by the author. 
And it is ill this tbat the unrivaled merit 
of Dr. Arnott's work chiefly consists. The 
style in which it is written, as is well known, 
is a mode] of easy simplicity. It is the most 
readable book on natural philosophy that 
we have in the language. Another admi- 
ra ble feature is the copiousness and diver- 
sity of its illustrations Rnd concrete appli- 
cations of physical principles. These are 
mainly drawn from the familiar field of 
every-day life, and, notwithstanding the 
numerous books that have appeared on com- 
mon things, familiar science, etc., Arnott'!,] 
" Physics," is stilI our best book of this 
kind. lIe has been much copied, but his 
statements have not been improved upon. 
The Dew edition of this work may therefore 
be strongly recommended to schools as a 
text-book, a reference-book, or a reading- 
book, and, however used, it will be pretty 
sure to do good service. 
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the subject most profoundly. There are not 
only inherent difficulties in the discussion 
from imperfect knowledge, but there are 
extrinsic difficulties in bringing before the 
We-ms OF DOCTRINE: being an Examination general mind the nature and force of its 
of the Modern Theot.ies of Automatism proofs, and from it
 conflict with long-cs- 
and Evolution. By CHARLES ELAM, M. D. tab1ished and widely-cherished beliefs. It 
London: Smith, Elder & Co. Pp. 163. is therefore a perfectly easy thing to make 
Tms is a work of :.1 similar stripe to objections to the doctrine which many will 
that just noticed. The contents of the vol- think annihilating. It is an easy thing to 
ume first appeared in tbe Contemporary Be- accu::nulate and ring rhetorical changes on 
view, in three articles, and coming from a old objections, and with a little license of 
medical man, tbe presumption should be misrepresentation, and a fresh battery of 
that it is a scientific discussion, ùut it is depreciatOl'y adjectives, to make out a kill- 
ra.ther a piece of violent rhetorical denun- ing case in the estimation of those whose 
ciation. The author contributes nothing to minds are made up beforehand, and who 
the scientific illumination of the subject, know little of the rcal issues of the subject. 
and takes his cue from somc of the outgiv- If, on any plain and simple question, aris. 
ings of Prof. "llivart in his recent criticisms ing out of an open transaction between two 
of Darwinism. But while Mr. Mivart, like nelghbors who have become involved in 
most of the eminent biologists of the time, law, the hireling attorneys can so confuse 
admits evolution as a great historic fact of and confound all common-sense that a jury 
Nature, however deficient may as yet be its is as likely to give a wrong verdict as a 
explanation, Dr. Elam scouts it in every right one, what may we not expect when a 
form and degree as a pure figment of the great, complex, wide-reaching, and newly- 
imagination, and an idle absurdity. His presented scientific question- becomes a 
virtual position is, that the naturalists are matter of controversy before ill-instructed 
under an hllllucination, and that Darwin, people, with loud and angry protestations 
Huxley, Tyndall, and Spencer especially, that it involves the very existence of moral- 
to whom he gives his main attention, are ity, religion, and God? The skil]ful coun- 
little better than fools so far as t!tis subject selor, who cart's only to produce an impres- 
is concerned. Like Prof. Birks, Dr. Elam I sion, has obviously a great advantage bere. 
writes in the interest of popular traditions But while the pert and supercilious critic 
and for miscellaneous readers, and has no is carrying all before him, and proving to 
scruple about hi:; course so he can make those who knew it aU before that evolu- 
out a speciou3 case. lie quotes Huxley tion is Ii baseJes
 fancy, a mere transient 
copiou:,;ly, but prefers to use his cautious gust of wild and absurd speculation, the 
statements, made twelve or fifteen years disciplined, sober-minded, and thoroughly- 
ago, rather than his later utterances which instructed naturalists, guided by the light 
represent the progress that has been made it affords, are penetrating deeper into the 
within that time. 'Vith equal unfairness secrets of phenomena, making further dis- 
he goes back to Spencer's" Social Statics," coveries, and rapidly extending the bounds 
published twenty-six years ago, and quotes of our knowledge of Nature, 
opinions which Mr. Spencer has stated that 
he now holds only with important qualifica- 
tions, instead of judging him by the work 
upon the same general subject that he is 
now eJaborating. 
The spirit here evinced is that of the 
advocate and partisan, rather than of the 
candid and earnest inquirer after truth. 
There are difficulties with evolution, 
many, 
nd various, and formidable; and 
none bette
 understand this, or more freely 
ackuowledge it, than those who h.we studied 


dation of a philosophy nobler and deepet' 
than aU the human counterfeits ot these lat- 
ter rlays." 


bVE
TIONAL GEO}{ETRY. A Series of Prob- 
lems intended to familiar\ze the Pupil 
with Geometrical ConceptIOns, and to 
exercise his Inventive Facultv. Bv 
W ILLIA
r GEORGE SPENCER. \Yïth å 
Prefatory Note by HERBERT 8PE
CER. 
New York: D. Appleton & Co. Pp.l00. 
Price, 50 cents. 
THIS is a small and a modest book, but 
a very important one for all who have a 
concern about th.e quality and character of 
. education. It is not a book that wilJ work 
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well in our smooth-running cducational sys- 
tem-not a machine that can be belted on 
in some convenient corner of our education- 
al cotton-mills. In the oLjects it aims to 
secure, and in the method of attaining 
them, it is oubide of the customary school 
routine. It is a contribution to the momen- 
tous and much-neglected work of self-educa- 
tion to which t hc school-room, as common- 
ly managed, is not very favorable. 
The author of this little work, the lat<, 
W. G. Spencer, of Derby, England, was a 
mathematical tcacher, and a gentleman of 
wide cultivation and independent opinions. 
lIe had been for many years an instructor, 
and entertained quite unconventional views 
on the subject of education. He maintained 
that, of all that passes under the name, only 
that is truly education which calls out men- 
tal exertion, trains the pupil to the exer- 
cise of his own facultic
, develops the judg- 
ment, anù gives the student the ready use 
and command of his own mind. It is; there- 
fore, necessary constantly to throw the pu- 
pil back upon himself, and, while encour- 
aging and guiding him, leave him at the 
same time to do his own work. Ii'or the 
usual occupations of the sehoul-room, explan- 
atory in
truction, loading the memory with 
tbe contents of books, and helping the pupil 
rapidly along by all kinds of facilities and 
devices, )11'. Spencer had but little respect; 
and he measured the excellence of tbe tcach- 
er by his faculty and resources for awaken- 
ing the pupil's intcrest, keeping him judi- 
ciously occupied, and inciting him to use, 
cultiva.te, and strengthen his own powers. 
In the later years of his teaching, Mr. 
Spencer was much occupied in giving pri- 
vate instruction in mathematics, and he was 
therefore brought into constant contact 
with individual minds: and enabled to study 
them much more critical1y than if he had 
been dealing with classes in the usual way. 
In these circumstances he devised a course 
of exerci!'es in elementary geometry for the 
use of beginners, desil;[ned to lay the foun- 
dation for mathematical f'tudy, and at the 
same time to cultivate the faculties of in- 
vention and construction, which are of the 
highest importance, and almost totally neg- 
lected in the comnlon methods of the schools. 
As this course of exercises began with the 
simplest problems, and was skiIlfully graded 
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so that the pupil could do the whole work 
himself, there seemed to be no reason why 
the benefits of the method f;hould not bc 
extended to all who might wish to avail 
themselves of it, and it was so highly ap- 
preciated b
 those who had used it that the 
author was at length induced to print it, 
although he had no such intention at the 
time of its preparation, The" Inventional 
Geometry" is now republished, and being a 
very suitable book for companionship with 
the" Science Primers," now being issued 
from time to time, the publishers have 
thrown it into the same form, and included 
it among the reprints in this elementary 
series. .But in one respect the" Inventional 
Geometry" differs from the little books" ith 
which it is associated. The Seience Prim- 
ers are highly estimated. They fan in '" ith 
the stereotyped habits of the class-room, and 
may be casily learned by beart like hif'to- 
1'], grammar, or the catechism. This book 
wilI, how
ver, enforce a different treatment, 
and if the object of education be the dbci- 
pline of the mental faculties through honest 
effort, and if thorough familiarity 
 ith geo- 
mctrical conceptions be desirable, and the 
training of the inventive and constructive 
faculties be valuable and important, the 
Primer of Geometry wiJI be worth more 
than aU its associates put tcgether. We 
recommend it to those who are thoughtful 
and conscientious in educational mattf'rs. 
.Any fair-minded boy or girl of twch"e or 
fourteen years of age can go through it 
\\ ithout difficulty, and cannot get throu::;h 
it without gaining the advantages it aims to 
8ccure. Those" ho work their way through 
it \\ ill be certain to know one thing thoI'. 
oughly, and, as Goethe said to Eekcrmann, 
"It is always an advantage to have any 
clear bit of hnowledge." 
The author of this book was the fatbN' 
of Herbert Bpencer, who testifies from ob- 
servation and experience to the excellence 
of the method, as will be seen by the fol- 
lowing note to the publishers: 


"LONDON, June 3,1876. 
.. )[EBSR8. D. ApPLETON &; Co.: I am glad that 
you are about to repnb1i
h, in the Unitcd State!', 
my father's little work on · Inventiol1nl Geom- 
etry.' Though it received but little notice when 
firf!t i88
ed here, recognition of its utc'efulnes8 
has been gradually spreading', Bnd it hae heen 
adopted by Bome of the mOre rational I!ciCDCo- 



5 0 4- 


TIIE POPULAR SCIE.l..VCE MONTHLY". 


teachers in schools. Several years ago I heard 
of its introduction at Rugby. 
"To its great efficiency, both as a means of 
producing interest in geometry and as a mental 
discipline, I can give personal te8timony. I 
have seen it create in a class of boys so much 
enthusiasm that they looked forward to their 
geometry-lesson" as a chief event in the week. 
And girls initiated in the 8Y8tem by my father 
bave freqnently begged of him for problems to 
solve during their holidays. 
,. Though I did not myself pass through H- 
for I commenced mathematics with my uncle 
before this method had been elaborated by my 
father-yet I had experience of its effects in a 
higher division of geometry. When about fif- 
teen, I was carried through the study of per- 
spective entirely after this same method: my 
father giving me the successive proble!lls in 
such order that I was enabled to solve every 
one of them, up to the most complex, withOl1t 
assistance. 
"Of course, the use of the method implies ca- 
p3.city in the teacher, and real interest in the 
intellectual welfare of his pupils. But given the 
competent man, and he may produce in them a 
knowledge and an iusight far beyond any that 
C.1n be given by mechanicalleBson-learning. 
"Very truly yours, 
"HERBERT SPENCER." 


TIlE GEOGRAPHICAL DISTRIBUTIO
 OF ANI- 
MALS, with a Study of the Relations of 
Living and Extinct Faunas as clucidat- 
ing the Past Changes of the Earth's 
Surface. Bv ALFRED RUSSELL \V ALL ACE. 
Two vols. 'Vith Maps and lHu
trations. 
New York: Harper & Brothers. Pp. 
1110. Price, $10. 
THIS work has grown out of the recent 
progress of biological science, and could 
ncither have been produced earlier than it 
has been, nor probably by any other living 
author. To those who regard the evolution 
hypothesis as a piece of mere useles5 specu- 
lation, it may be replied that it is the most 
powerful stimulus to investigation in the 
higher science of living things that has yet 
been known, of WhICh the noble work be- 
fore us is incontestable proof. The problem 
of animal distribution is here so conceived 
and presented as to give it very much the 
charact(>r of a new subject. 
Up to this time, a naturalist has only 
needed to try to learn about the fauna of 
any country to be made aware of our lack 
of knowledge in this field. Much has been 
learned, of course,. but the records were frag- 
mentary and scattered, and it was only on 
the shelves of tbe best zoölogical libraries 
that anythiñg ap
)foaching completeness 


was to be found, so that practically such 
information has been inaccessible. But 
with the growing interest in Darwinism 
there came an appreciation of the value of 
the study of distribution, and a demand 
arose which madc itself felt. As is always 
the case, the demand only needed to be- 
come urgent to insure a supply. And it 
was to meet this want, growing daily mOre 
pressing, that Mr. 'V allace put forth this 
work-and the task could not have fallen 
into better hands. His life has been one 
of preparation for it. As early as 1848 he 
embarked with Mr. H. 'W. Bates for the 
Amazons, and in that region-the richest 
in animal life-and later in the 
Ialay Ar- 
chipelago, the best years of his life wcre 
given to the study of zoölogy. Few of our 
readers need to be reminded that in those 
far-away lands he indcpendently worked 
out the theory of" natural selection.'" The 
more difficult work of establishing the 
validity of the " doctrine of descent" fell 
into other and, as )Ir. Wallace modcstly and 
gracefully says, abler hands; but he ha5 not 
ceased to work in that field, and has given 
great aid in searching out relevant facts 
and showing their bearings. This work is 
c
rtainly one of the most valuable of these 
contributions. From the scattered sources 
he has, with infinite pains, coJlected the 
details of that which was known, and, ar- 
ranging them with a skill and method which 
leave little to be desired, has put them 
within the reach of all. 
Thc book sets out with an introductory 
chapter, showing the inadequacy of the 
popular notion that the manner in which 
animals are dispersed over the globe is due 
to diversities of climate and vegetation. 
Much as there undoubtedly is to give rise 
to this belief, a little examination shows 
that no such off-hand treatment will do. 
That South Africa has lions and giraffes, and 
Australia kangaroos and other marsupials, 
finds no explanation in differences of soil 
and climate, because no marked differences 
exist. So, too, the theory fails when we 
find Europe destitutc of raccoons, opos- 
sums, and humming - birds, and :North 
America without hedgehogs or true fly- 
catchers, although the conditions of life are 
in all essentials similar in the two regions. 
Aswming the view that each species 
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has had one birthplace, and only one, the 
second and third chapters discuss the 
means by whICh dispersal has been effected, 
and what bearing the surface-changes of 
the earth have had on distribution. They 
are of great interest, and admirable exam- 
ples of the efficiency of scientific induction 
w hen applied by able hands to the solution 
of perplexing problems. 
The principles upon which zoölogical 
regions should be formed are next consid- 
ered, and the reasons given which led the 
author to adopt, with little change, the di- 
visions proposed by Mr. P. L. Sclater in 
1837, which maps the globe into six grcat 
primary regions, the Palæarctic, Ethiopian, 
Oriental, Australian, N eotropical, and N c- 
arctic. 
Zoölogical classification receives, as of 
course it should, due consideration. .Mr. 
\Vallace attempts no reconciliation of the 
disputed points of classification, but selects 
and tabulates for his uses a few of the best- 
known classes. As the title-page indicates, 
the relation and distribution of extinct 
faunas ha.ve an important place. The re- 
cent lectures of Prof. Huxley are too fresh 
in the minds of our readers for it to be 
necessary to emphasize the value of the 
study of fossil forms in connection with the 
gencral doctrine of evolution. In the 
hands of Mr. \Valbce its application to the 
question of distribution is full of suggestion 
and interest. \Ve may add that, in this 
connection, due acknowledgment is made 
of the successful and important labors of 
American paleontologists. 
In Parts IV. and V. arc treated, first, 
the forms of life as seen in the diffhent 
zoölogical regions, their differences and 
resemblances being pointed out; with, last- 
ly, a systematic, tabular arrangement of 
the families of the animals considered, and 
sketches of their geographical distribution. 
The value and interest of these volumes are 
enhanced by a series of twenty plates 
showing the physical aspect and special 
zoölogical character of the different sub- 
regions, and by a set of excellent maps on 
which are shown the outlines of the regions 
and sub-regions, the belts of altitude, the 
forests, pastures, deserts, and snow. lines, to- 
gether with the contours of the beds of the 
great oceans as determined by the most re- 
cent soundings. 
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FURTHER SOTES os "IXCLUSlOSS" IS Gnes, 
ETC. By ISAAC LEA. l>hiladclphia: 
Collins. 
COSTINUIN"G a communication made in 
1869 to the Philadelphia .Academy of Sci- 
ences, Dr. Lea, in this pamphlct, gives the 
results of further examination of the crys- 
tals and cavities to be found in gems and 
minerals. His special researches are illus- 
trated by a plate in \\ hich are rcpresented 
cavities of all shapes, with aod without 
fluid contents, crystals of various shapes 
and ruaculations in corundum, sapphire of 
different shades, zircon, moonstone, emerald, 
where the cavities contained cubic crystals 
surrounded by a fluid, and beryl with irregu- 
lar imperfections. The microscopic study 
of gems must possess great interest to any 
one whose opportunities allow it. 


ESSAYS os 
hND, 
IATTER, FORCES, THEOL- 
OGY, ETC. By CHARLES E. TOWKSEXD. 
New York: Charles P. Somcrby. Pp. 
404. Price, $2. 
THE papers which make up this book 
originally appeared in the Pltrcnological 
Journal and other publications, and em- 
brace discussions Oil subjects relating to 
physics, astronomy, Liolo,!y, social science, 
religion, etc. "The essa
.s are chiefly in- 
tended to uphold the theory of the stabil- 
ity of matter and forces, and the perpetuity 
of aU minds, as material forces, on a new 
basis of reasoning, in oppo
ition to the 
many present vague thcories of spirit-minds. 
.Also, as opposed to the assumed origin of 
matter from nothing, and its inevitable ex- 
tinguishment in time-not mere change of 
forru and action, but uttcr annihilation being 
claimed by some." The author vchcm('ntly 
opposes the "debasing, stagnant theology 
of over eighteen centuries," depre('ates the 
"folly of Biblical cant," and believes that 
the U Christian religion is an old-times crude 
theology and false cosmogony, that ought 
to be replaced IJY a more rational and enno- 
Wing conception and wOI.ship of an infinitely 
intelligent great First Cause, who is known 
to us through his creations, and thus in- 
ferred attributes of infinite goodness, wis- 
dom, and power." 
Yarious theories are presented in regard 
to different subjects, which are not wonder- 
ful so much for their novelty as for the 
obscure munnf'r in wbich they are stated. 
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There is an air of ultimate truth assumed 
throughout the essays, which the conclu- 
sions hardly warrant; and the author would 
probably write a better book if he exercised 
his dogmatic tendencies less and cultivated 
a clearer 
t.rle more. 


dosi,"en. Other resemblances between them 
are so close as to warrant the beHef that 
in the Lcpidosil'en we have a dwarfed reprc- 
sentative of the great fishes which popu- 
lated the Deyonian seas. Dr. Newberry 
discusses minutely the anatomy and rela- 
tionships, homologically and generally, of 
these monarchs among ancient fishes, and 
describes several additional species. The 
latter half of the book is occupied with de- 
scriptions of new fossil fishes from the car- 
boniferous rocks of Ohio, belonging to vari- 
ous orders and families, all the points of 
which are elaborated with the close atten- 
tion characteristi
 of this distinguished ge- 
ologist. 


REPORT OF TilE CONDITION OF THE ACADEMY 
OF N .A.TÙRAL SCIENCES OF PHILADELPHIA, 
ON AIOVISG I:NTO ITS NEW EDIFICE, SOUTH- 
WEST CORNER OF RACE AI\D N ISETEENTII 
STREETS. By W. S. 'V. RUSCHENßERGER. 
Philadelphia: CoHins, Printer. Pp. 56. 
THE Academy of Natural Sciences of 
Phila.delphia dates from the year 1812, and, 
at the close of that year, consi:;ted of four- 
teen members, who assemlled on the second 
floor of a house devoted to millinery pur- 
poses. Although their progress was slow, b a paper read before the Detroit meet- 
yet, in 1817, the puLlication of their Jour- ing of the American AEsociation, and now 
. nal was commcnced, and in 1820 they reprinted, Prof. Aug. R. Grote explained 
sought more spacious accommodations in the effect of the glacial epoch on the distri- 
a Swedenborgian' church. Twenty yeara bution of insects in .Korth America. He 
later a new building was erected, more endeavors-successfully, we think-to show 
space was given to thc collections, and an that arctic forms ofinsects, the White 
Ioun- 
increased numLer of visitors continued to tain butterfly, for example, came soutlmarà 
be attracted. It again outgrew its quar- with the gradual extension of the ice-Eheet, 
ters, and ten years ago a movement was and, when the iCf'-sheet retreated, followed 
started which resulted in the present edi- it backward j but some, stra}ing away. or 
fice. The Academy is now free from debt; lingering about the local glaciers of high 
it possesses a building constructed with mountain-ranges, gradually followed the de- 
reference to architectural beauty and to the elining cold to the high summits, wherc only 
ends for which it was deFigned, and is ap- I could they find a congenial climate. Mean- 
parcntIy in a very flomishillg condition. while, the surrounding lowlands having be- 
lts cabinets of birds and shells of mollusks come warro, they could not follow their con- 
are nowhere surpassed in extent and com- geners to the arctic zone, uut were impris- 
plcteness, and in other departments the col- on ed, as it were, on their mountain-tops, 
lections are yaluable thouO'h as yet com. and have there remained, undergoing modi- 
paratively small. ' 0 · , fications caused by tbe exigencies of their 
surroundings. Some such process, Pl'Of. 
Grote judges, has determined the distribu. 
tion of most of our Alpine insects. 


THE STRDCTt'RE AND RELATIOXS OF DINICH- 
THYS; with Description!:! of Some Other 
Fossil Fishes. By J. S. NEWBERRY. 
Columbus: .K evins &. 
e)'ers. TIlE Report of the Director of the Cen- 
DR. XEWDERRY has reprinted this me- tml Park Menagerie, Mr. 'V. A. ConkJin, 
moir from Y 01. II. of the "Report of the for the past two years, shows that, in spite 
Geological Survey of Ohio," of which we of the lack of encouragement afforded it by 
gave a notice last month, and it is accom- the Park Commissioners, that commendable 
panied by seven lithographic plates and institution continues prosperous, and is vis- 
many woodcut figures. The IJiniclLtlt!/8 1 ited by increasing crowds of spectators- 
to which the body of the pamphlet is de- among others whole schools, with their 
voted, is a huge ganoid fish, occurring teachers, attesting its educational value. 
along the Lake Erie shore in the Huronian The appropriations for it allow of little 
shaleF, and peculiar among its allies in its more than the care of the inmates, but 
massive mandibles and in its dentition, many animals are receiyed on deposit from 
which closely resembles that of living Lepi. 1 their owners, and births are constantly oc- 
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curring. The mortality is low, and becom- 
ing less so, owing to improvC'tl arrange- 
ments and more eommod.ious qUlll'ters. 
The Report contains the usual dctails of 
eXl!ense and management, and a long Jist 
of accessions, which might be of use to vis- 
itors in licu of a guide to the menagerie. 


THE TEXTILE COLOURIST: 
\ Monthly Jour- 
nal of Bleaching, Print
ng, Dyeiug, and 
}'inishing Textile Fabrics, and the Man- 
ufacture and Application of Coloming 
.Matters. Edited by CHARLES O'NEILL, 
F. C. S. Price, $12 per annam. 
"The Textile Colourist" was designcd 
by its present editor to bring before the 
dyers aud printers of the different countries 
such matter as will be of a permanently 
interesting character to all in the trad.e. 
There are embodied in it the results of the 

ost recent investigations and discoveries, 
arranged in such a manner as to make it a 
valuable work of reference. 


PUBLIC..\TIO:NS RECEIVED. 


Tolhaus
n's Tccbnolo
ical Dictionary, 
French, German, and English. 3 vols., 900 
pages each. K ew York: II. Holt & Co. 
Price, 
3.50 per vol. 
The Electric Bath. By George 1tL 
Schweig-, M. D. }>p. 134:. New York: Put- 
nam's Sons. Price, $1. 
Improvements of the Fox and. WiiòCOll- 
sin Rivers. By G. K. 'Varren, Brevet 'Major- 
General. Pp. 114, with Plates. 
Qualitative Chemical Analysis. By 
Douglas and Prescott. Pp. 254. Xew 
York: Yan Kostrand. Price, 83.50. 
Geological Survey of 'the Territories. 
Vol. X. F. V. Hayden, Geologist in Charge. 
Pp. 607, with plates. 'Vashington: Govern- 
ment Printing-Office. 
Department of Agriculture. Report of 
1875. Pp. 536; with plates. 'Vashington: 
Governm{'nt Printing-Office. 
Calendar of the Tokio Imperial ("'nivcr.. 
sity (1876). Pp. 165. 
Preventing the E'\:tension of Syphilis. 
By J. R. ß1ack, M. D. Newark, Ohio. Pp.7. 
Memorial of Increase A. Lapham. l3y 
C. Mann. Pp. 21. 
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Topographical Surveys and the Public 
llaalth. Ry J. T. Gard.ner. Pp. 10. Al- 
bany: Argus print. 
Xeed.s of the South educationally. By 

\. IIogg, M. A. Pp. 24. Salem, Ohio: 
\Y. D. H
nkle print. 
Quarterly Journal of Inebricty. Yo!. I., 
No. 1. J">p. 64:. Hartford: Case, Lockwood 
&, Brainard. 
History of Spontaneous Generation. By 
E. S. Dunster, )f. D. Pp. 30. .Ann Arbor, 
Michigan: Cow.icr print. 
Reason and Progress. By J. T. Stew- 
art, M. D. Pp. 18. Peoria, Illinois: Tran- 
script print. 
Treatment of Eczema. By R. 'V. Taylor, 
'1. D. Pp.37. Xew York: Putnam's Sons. 
IIyØroadipsia. Pp. 9. .AI
o, The Fever 
Process in Human Bodies. Pp. 7. By Z. 
C. )IcElroy, )1. D. ZanesviJIe, Ohio. 
Disinfcction in Yellow Fever. By C. B. 
"
hite, M. D. Pp. 16. .New Orleans: J. 
w. 
lad.den print. 
Rocky 
Iollntain Locust. Pp. 58. St. 
Louis: R. P. Studley Company print. 
Specialism in )Iedicine. By E. D. Forée, 
Y. D. Pp. 10. Indianapolis: Journal rrint. 


POPULAR MISCELLANY. 


Talking b)" T:,Jrgrap11o-011 Sunday, Xo- 
vember 26th, Prof. 
\. Graham Bell experi- 
mented with the" telephone ., on the wires of 
the Eastern Railroad Company betwccn BoS'- 
ton and Salem. Prof. Bell was assisted at 
the Boston end. of the line by two operators, 
and )11'. Thomas A. \Yatson by one operator 
at the Salem end. According to the ac- 
count published in tbe Comnwmrealih of 
Boston, conyersation was carried on with 
)[1'. "
atson at 
al{'m, by all those present, 
in turn, without any difficulty, even the 
voices of the 
peakers being easily recog- 
nized. 'Yhi:,perin
 was found to be perfect- 
ly aud.ib]e, but was unintelligible. .After a 
time, in
tead. of grounding the wire at 
Salem, it was c01ll1ectpd with North Con- 
way. a diMance of one hundred and forty- 
three miles from Boston, thus leaving Salem 
as a way-station. After this change had boen 
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made there was a slight diminution in the 
loudness of the tones, but no difficulty was 
experienced in carrying on conversation. 
Another change was made, whereby the 
electrical current was sent to Portland and 
back by another line to Salem, thus making 
Salem a terminal station at the end of 
nearly two hundred miles of wire. The re- 
sult of this change was, that the tones of 
the speakers could be heard, but so faintly 
as to be unintelligible. 'Vith electro-mag- 
nets of a higher resistance, Prof. Ben is 
confid.ent that the 
ounds would have been 
perfectly inteHigible, the magnets used, it 
must be recol1ected, being only intcnded 
for a twenty-mile circuit. 


now to readl the Pole.-Captain H. 
'V. 1I0wgate, of the Signal-Office, sees no 
grounds of discouragement in the failure of 
Xares's expedition to reach the north- 
pole. The seasons, he remarks, vary in 
the arctic circle as markedly as in more 
temperate latitudes, and in a favorable 
year the ice of the so-called "Palæocrys. 
tic Sea" might be broken up. Captain 
lIowgate would have a party of at least 
twenty hardy, resolute, and experienced 
men, with provi
ions for three years, sta- 
tioned at some point near the borders of 
the Polar Sea-for instance, where the Dis- 
covery wintered last year. These men 
would seize the occasion of the opening of 
the frozen sea to push on to the pole. At 
the end of three years the party should be 
visited, and, if unsuccessful in accomplish- 
ing the object, should be revictualed and 
again left to their work. 'Vith a good, sub- 
stantial building, such as could easily be 
carried on shipboard, they would be as 
comfortaJJlc and safe from atmospheric 
danger as the men of the Signal Service on 
the summit of :Mount \Yashington. "A 
good supply of medicine," adds Captain 
Howgate, "a skillful surgeon, and such 
fresh provision as could be found by hunt- 
ing-parties, would. enable them to keep off 
scurvy, and to maintain as good a sanitary 
condition as the inhabitants of Godhaven 
in Greenland. Game was found in fair quan- 
tities by the Polaris party on the Green- 
land coast, and by those from the Alert 
and Di8covery on the mainland to the west, 
especially in the vicinity of the last.named 


vessel, where fifty-four musk-oxen were 
killed during the season, with quantities of 
other and smaller game. A seam of good 
coal was also found by the Discovery's 
party, which would render the question of 
fuel a light one, and thus remove one of the 
greatest difficulties hitherto found by arctic 
voyagers. Let an expedition be organized 
to start in the spring of 1877, and I firmly 
believe that by 1880 the geography of the 
polar circle would be definitely settled, and 
that without loss of life." 


(;JassifitatioD of the Rates of 1IIan.-The 
distinguished Italian ethnologist, Prof. Man- 
tegazza, of Florence, in his introduction 
to Enrico Giglioli's narrative of a voyage 
round the Globe in the corvette Magenta, 
learnedly discusses the question of the clas- 
sification of the races of man. His princi- 
pal conclusions are that-I. Man is one of 
the most cosmopolitan and most variable 
of animals, and hence presents an infinite 
variety of races, sub-races, and peoples. 2. 
The number of races is indefinite; many 
races are e'i:tinct, others are now forming, 
still others will yet be produced. 3. Thc 
farther back we go in histor
., the larger is 
the number of races and sub-races, for in 
early times men less frequently moved away 
from their native localities and were more 
isolated from one another than now. 4. At 
the top and at the bottom of the human 
genealogical tree the branches and twigs 
approach one another, so that the most 
highly - cultured and the least developed 
races come into mutual contact. The negro 
developed into a Kafft.e approximates to the 
European, and the European, degraded by 
cretinism or by hunger, to the Australian or 
the negro. 5. In general the lowest races 
are black or dark brown, the middle races 
somewbat less clark-skinned, and the high- 
est white or nearly so. 6. In classifying 
the races of man we must, as far as pos- 
sible, omit the question of their origin, for 
tbe investigation of this origin is the most 
fruitful source of ethnological errors. 


The Ameritan Geogra})hical Soclety.- 
The American Geographical Society was 
formally installed in its new quarters, No. 
11 'Vest Twenty-ninth Street, New York, N 0- 
vember 28th. For many years this Society 
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had rooms in the Cooper Union Building, 
but from the beginning it has been the in- 
tention of the leading members to secure 
possession of a building large enough to re- 
ceive their valuable collection and library. 
The new headquarters is a large fOUl..
tory 
and basement brown-stone front house on 
Twenty- ninth Stl'eet, near Fifth..l. venue. On 
the first floor is a spacious reception-room, 
extending the entire depth of the house; its 
walls are covered with maps and charts. 
One of the curiosities of this room is the 
large map of South America once used by 
Humholdt. On this floor is also the room 
of the pl'esident of the Society. The second 
floor is devoted to the library and the sec- 
retary's room. In the library are 20,000 
volumes, classified according to countries. 
The third floor contains the collection of 
maps and atlases. On the fourth floor is 
the Council's room, and in the basement 
are the offices for the clerical force. 
On the evening of November 29th a sec- 
ond reception was held by the Society, and 
a paper on a jmnuey to the Spitzbergen 
Sea was read by A. II. v. d. Hoeck. The 
author took occasion to expatiate upon the 
value of arctic research, pointing out the 
important results thence to be derived for 
anthropology, zoülogy, geology and paleon- 
tology, physics, and meteorology. "Manuel 
::\1. Pereira, minister resident of Costa Rica, 
read a short p-lper On the projected canal 
across the Isthmus of Darien. 


HY
I'ODleters.-
\n hygrometer is an in- 
strument for measuring the moisture of the 
atmosphere. It is often useful for gauging 
the dryncss of rooms. It may not be gen- 
erally known how simply such an instru- 
ment may be constructed. 
'Vhen water, by means of a moist rag 
(whose moisture may be kept up by contact 
with water in a saucer or teacup), is spread 
over the surface of the bulb of a thermom- 
eter, the mercury in the latter falls, generally 
several degrees. The reason is, that the 
water evaporates amI cools the bulb. The 
evaporation which takes place is, of course, 
produced by the absorption of heat from 
surrounding objects, thc bulb included. The 
thermometer is affèct
d in proportion to the 
reduction of temperature caused by the 
evaporation. It is evident that just as much 
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heat 8S is required to convert water into va- 
por, just so much cold (or deprivation of 
heat) will be I.equired to convert the vapor 
back again into water. When mpor begins 
to condense into water the temperature is 
at what is called the dew-point. It is evi- 
dent, therefore, that theoretically the dew- 
point is twice as far as the vapor-point be- 
low the normal temperature of the atmos- 
phere. Experiments show that it is a lit- 
tle more; a constant quantity of If 0 Fahr. 
hf\ving to be added for heat 108t and dissi- 
pated in the process. 
These facts may be exemplified as fol- 
lows: Hang two thermometel's in a room of 
equable temperature, and suspend a third 
in a tin or glass vessel containing some 
tepid water. Wet the bulb of thermometer 
Xo. 2 as su:;gested above, and the eY'apora- 
tion will show the vapor-point. POUl' ice- 
water gradually and slowJy into the ves
cl 
containing No.3, and mingle it well with 
the water already there until the whole be- 
comes so cold that the exterior of the ve.s- 
sel begins to contract moisture. It is then 
at the dew-point, and the thermometer in 
the vessel will be found to have fallen t" ice 
as much as Xo. 2, and 11 0 more. 
No. 2 is a pel'feet hygrometer, as It 
shows the relative dampness of the atmos- 
phere. When the latter is very dry, as in a 
room warmed hy a hot-air furnace, evapo- 
ration takes place rapidly, and a large quan- 
tity of heat is abstracted fl'om tbe bulb. 
'When moist, a.s during a shower, very little 
evaporation takes place, and there is but a 
slight faU of the hygrometer. 'Then the at- 
mosphere is too dry the lungs suffer. It 
is in a wholesome condition when the h)'- 
grometer does not faU more than 7 0 Fahr. 
below the normal temperature. A hot-air 
fUI'llace often sends it down 10 0 or 12 0 be- 
low. 


Tbe Stndi('
 or an En
inl'er.-Prof. Rey- 
noltJs, of Owens Colleg-e, 
Ian('h('ster, in an 
address on II Engineering as a Profession," 
proposes the 1'0110" ing course of prepara- 
tion for the student who aims to be an en- 
gineer: Up to the age of si'{te
n or seven- 
teen he should devote him!"elf to acquiring 
a "general education." Then he enters on 
hi.s special course. In this he must learn 
something of science and something of art j 
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but his main object should be to learn how 
the one can be brought to bear upon the 
other. Mathematics and natural science 
are indispensable, but he must not expect 
to become a master of either. Only a com- 
paratively small portion of these wide sub- 
jects can be usefully brought to bear on 
engineering, and to these he must restrict 
himself. The methods of applying these 
sciences to engineering problems consti- 
tute a large subject, and one that is neces- 
sary for him to study. Then there are 
those manual operations which are essen- 
tial to bi'iug his knowledge to a practical 
issue, and in whidl a long course of train- 
_ ing is necessary to acquire the requisite 
skill, such as mechanical drawing, and the 
nse of measuring and surveying instruments. 
To acquire a useful knowledge of these 
val'ious branches will require three or at 
least two years. The student will then pro- 
ceed. with his practical training, which should 
include as g,'eat a range of work as possible. 
In this he wiII find. the knowledge he has 
acquired of very great help; he will recog- 
nize much that he sees, and be able to judge 
of the most important things to which to 
direct his attention. 


Absorption of Nitrogen by PIï1nts.-The 
chemist Berthelot has submitted to the Par- 
is 
\.cademy of Sciences the results of a new 
series of experiments which prove that, un- 
der the influence of atmospheric electrici- 
ty, f1'ee nitrogen is absorbed by the proxi- 
mate principles of plants. The apparatus 
used in these experimcnts consÏ::;ts of a 
!'}'stcm of tubes in which the organic sub- 
stances cQme into contact either with pure 
nitrogen or with atmospheric air, the whole 
communicating with a source of electricity 
at a tension precisely the same as that of 
atmm:;pheric electricity. Unúer these con- 
ditions pure f.litrogen, or the nitrogen of the 
atmosphcre, is invariably fixed by the or- 
ganic matter employed, viz., wet filtering- 
paper or a solution of dextrine. The amount 
of nitrogen that is thus fixed is consider- 
able. Thus these experiments bring to light 
a natural cause, hitherto overlooked, in con- 
sidering the question of the fixation of ni- 
trogen by vegetable tissues. It is now de- 
monl'trated that this fixation is brought 
abont by the incessant action of the electrici- 
ty of the atmosphere. 


DCfClol)ment of Eledricity by LigJlt.- 
To determine experimentally the action of 
light in the development of electricity, nan
 
kel took two bright strips of copper, one 
of which he fixed in a porous clay cell by 
means of a cork stopper. The cell was filled 
with" ater, and placed in a larger glass ves- 
sel containing the same water, in which was 
immersed the other strip, so that one of its 
surfaces was turned toward the source of 
light. The two strips "ere connected with 
the wire of a galvanometer. The glass with 
its contents was now placed in a black case 
having a slide, by means of which direct 
sunlight or colored light could be admitted 
to the outer sti.ip of copper. The rcsults 
were as follows: On access of free sunlight 
the illuminated strip was lJegative to the one 
in darkness, but only moderately so j behind 
a red glass the action was extremely small; 
behind yellow, a little stronger; behind 
green and dark blue successively, still 
stronger j behind dark violet it became less 
again. 
The copper strips were now oxidized by 
moderate heating, and the following results 
were obtained: In free sunlight the illumi- 
nated strip was strongly negative j on dark. 
ening again, the deflection gradually disap- 
peared; behind red glass the action was 
less; behind light-yellow glass the plate 
was first positive, then negative; on dark- 
ening, it first became still more negative, 
and then the action disappeared; behind 
dark-green glass the behavior was ðimiJar, 
but the first positive deflection was less; 
behind bright-blue, dark-blue, and violet 
glass, the plate was equally negative. 
Strongly oxidized copper strips were 
next tested. In free sunlight the illumi- 
nated strip was first strongly positive, then 
weakly negative; on darkening, it was first 
strongly negative, then the action ceased. 
Behind red glass the plate was pretty strong- 
ly posith.e, but the deflection uf the needle 
soon fell off considerably; behind bright- 
yellow glass the strip was very strongly 
positive, but ver
T soon the action dimin- 
ished j on darkening, a strong negative de- 
flection occurred. Behind dark-green glass 
the plate was first weakly positive, and then 
negative; behind dark-blue glass the cop 
per was also negative, and this change was 
more considerable than with free sunlight; 
behind violet glass, the action was similar. 
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The author describes also the behavior of 
copper in sulphate-oC-copper solution, and 
the bch:wior of silver, tin, 'Jrass, zinc, pla- 
tinum; which metals were examined in the 
same \\"a)'. 


Am
l'ifan \ïnl'-Stocki; and the Phyllo't- 
rra.-In a communication to the Paris 
Academy of Sciences, M. Boutin gives an 
account of researches made by him to as- 
certain the reason why some American vine- 
stocks resist the attacks of the Pltylloxcra 
vaslatrix, while others succumb. The au- 
thor bas discovered in the resistant stocks 
a certain resinoid principle in proportion 
about a third greater than that in which it 
occurs in American non-resistant stocks, 
and in about double the proportion fonnd 
in French stocks. }[. Boutin considers it 
essential for resistance that the resinoid 
principle should occur in the proportion of 
8 per cent. for the entire root, and 14 to 15 
per cent. in the bark alone. He says tbat 
the incision made by the insect, while pro- 
ducing nodosities in the root, is cicatrized 
hy the exud:ttion of the resinous product, 
and this prevents tbe escape or loss of the 
nutritive sap of the plant. In non-resist- 
ant stocks, on the other hand, there is no 
cicatrization, as the resinoid principle is not 
in sufficient quantity to produce this efrcct. 


JatnraJist..;' Re})ort of the British .\rdic 
F.\.pedition.-The results obtained by the 
naturalists attached to the British Nortb- 
Polar Expedition may be briefly summed up 
as follows: The mammals found fartbcst 
north, on the f'hore of the great Polar Basin, 
were the arctic fox, wolf, ermine, polar 
hare, lemming, and musk-ox. nird-life was 
present as far as the land extended, the out- 
lying species being the snowy owl, :mow- 
bunting, and ptarmi
an. Of fishes few ma- 
rine species were pro
ured, but an interest- 
ing !:mall salmonohl was found in fresh- 
water lakeg up to about latitude 82 0 3:>'. 
Insect-life was more abundant than could 
have been expected, and a goodly number 
of species were obtained. Over twenty 
species of phæno
amic plants were disco v- 
el'eð between latitude
 R2 0 and S
O, and the 
cryptogarnic flora was of course much 
more ,.aried and abundant The whole 
we
t coast of 
mith's Sound, from Cape 
Isa11ella to C.lpe Union, was fully surveyed 
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and mapped, and large collections made 
of both fossils and rock-specimens; while 
the sled-parties, which explored the shores 
of the Polar Basin both to east and west, 
brought back sufficient material to de- 
termine the geological character of the 
comltry. Silurian limestones, richly fossi- 
lift'rous, wen- the prevailing rocks along 
Smith's Round. From the shales and sand. 
stones of this formation a bE'autiful series 
of leaf-impressions Were collected, illustrat- 
ing the characteristic flora of the epoch, 
and presenting a remarkable demonstration 
of the existence of a temperate climate 
within õOO miles of the present pole, at a 
comparatively recent geological time. L
st- 
ly, very interesting and suggestive obsena- 
tions were made on glaciation and on ice- 
aet
on in general. 


The Berlin GariJIa.-At the recent meet. 
in" of the German Association oC Xatural- 
o , 
Í::it:;, Dr. HermE's, as we are informed by 
.J..Yaiure, described some interesting charac- 
teristics of the young gorilla in the Berlin 
Aquarium. He nods and claps his hands to 
vi:3Ítors; wakes up like a man and stl.etches 
himself. His keeper must always be beside 
him and eat with him; he cats what bis 
kef'per eats; they share dinner and supper; 
the keeper must remain by him till he goe
 
to sleep, his sleep lasting eight hours. His 
easy life has increased his weight in a fe.w 
months from thirty-one to thirty-scven 
pounds. For some weeks he had inflamma- 
tion of the lung
, when his old friend Dr. 
Falkenstein was fetched, who treated him 
with quinine :md Ems-water, which made 
him better. When Dr. Hermes left the 
gorilla on the previous Runday, the latter 
showed the doctor his tongue, clapped his 
hands, and squeezed the hand oC the doctor 
as an indication, the latter. believcd, of his 
recovery. For Punp:u, as the gorilla is 
called, a large plate-glass palace has been 
erected in the aquarium in connection \\ itb 
. the palm-house. 


l...ightning in a Tt'le;.!;rapJI-OffiC'('. - - \ tel- 
egraph-operator, in an office on the Boston 
and Providence Railroad, \\ as lately killed hy 
lightning. This is said to bE' the only case 
on reemd of an operator killed by lightning 
while in the offil'e. Remarking upon this 
casualty, the Tdt>!Jrapllic Journal says that, 
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"eo far from being a source of danger, the 
electric telegraph must be regarded rather 
as a cause of safety, as a network of lines 
spread over a country tends to prevent an 
accumulation of electricity at any partic- 
ular point, by continually and silently dis- 
charging it to the earth. This is particularly 
the case in districts where every pole has 
an earth-wire fixed to it, running from the 
top to the bottom. That these wires effect- 
ually discharge a lightning-flash has been 
seen in cases where the wires have been ter- 
minated within a few inches of the top of 
the pole: a lightning-flash striking one of 
these destroyed the portion of pole above 
_ the wire, but at the point where the wire 
commenced aU damage ceascd." 


N DIES. 


LNDER the head of" Commercial :Manias," 
we referred la
t month to the banking en- 
terpri
e of a lady at Madrid. The .Econo- 
mist of December, 187tj, reports further on 
the case, as follows: "The extraordinary 
banking at Madrid, by a lady ,\ ho paid 
t'r. enty per cent. interest monthly on de- 
posits, has ended in a manner which has 
long been expected. She disappeared a few 
davs back with a sum of thl'ee million and a 
haIr of francs ($700,000), out of five million 
and a half ($900,000) she had received from 
ß,7UO depositors. The difference had been 
returned in interests." 
HECENT additions to the museum of the 
lluft:tlo Society of Natural Sciences embrace 
a small collection of European Lepidoptera, 
pr('sented by Prof. Zeller, of Stettin ; a few 
rare specimens from the Museum of Com- 
parative Zoülog-y, and a collection of Cal- 
ifornia Geomet1.æ from Prof. llehrens, of 
San .Francisco; also a collection of butter- 
flies and moths from Mr. John D. Sh.epard, 
taken on the \Vahsatch Mountains, twenty- 
five miles south of Salt Lake City. 
AN association of ladies has been formed 
in Boston, entitled the Boston University 
'Yomen's Educational Society, for the pur- 
pose of promoting the higher education of 
women. The Society proposes to aid needy 
stuùents by gifts and loans, and also to 
found resiùent and traveling fellowships, to 
encourage original research, and in general 
to afford to young women all the educational 
facilities now aceessible only to young men. 
A fund amounting to $40,000 has already 
been accumulated. 
A SMALL ('oleopterou
 insect (Antlu.enus 
8croplt'ltlm.iæ) common in Europe, but hith- 
erto unknown in the "Gnited States, has 


made its appe:mmce in the neighborhood 
of Albany. The larva of this insect is a 
great destroyer of clothes, furs, natural-his- 
tory collections, etc., and at Albany much 
damage bas been done by it to carpEts. 
THE Litchfield Astronomical Observa- 
tory, of Hamilton College, of which Prof. 
C. H. F. Peters has been for nearly twenty 
years the very efficient director, has lately 
been enlarged. Efforts are being made to 
retain the services of Prof. Porter as as- 
sistant astronomer. 
DIED, October 19th, at the age of fifty- 
four years, Carl Jelinek, for thirteen years 
director of the Vienna Central Institute for 
Meteorology and Magnetism. His papers 
on Austrian meteorology are held in verv 
high esteem, and his" Introduction to Mè- 
teorolog:ical Observations" bas reached the 
third edition. 
THE American Chemist for September 
announct'
 the discovery of a new clement 
by Dr. George A. Koenig, of the University 
of Pennsylvania. }'rom a mineral resem- 
bling sehorlamite, occurring at Magnet 
Cove, ArkansaA, he obtained, in the place 
of titanic acid, a u.!Lite oxide, which differs 
from the former very materially, and he re- 
gards the existence in it of a new metal as 
highly probable. 
THE subscription for a monument to 
Liebig in Germany has reached the sum of 
140,OCO marks, and the lists are now closed. 
Giessen and ![unich c1aim the 
tatue each 
for itself. It has been decided that both 
tOWIlS shaH have the same memorial, which 
will be cast in bronze, the sum collected 
being sufficient to cover the double ex- 
p.ense. 
'V ILLIAMS COLLEGE will ncxt summer 
send an exploring party to the Rocky Moun- 
tains, under the lead of Prof. Sanborn Ten- 
ney, ProfeAsor ofK aturalllistory. The party 
will consist of fifteen students, who, during 
the remainder of the college year, will re- 
ceive special instruction to tit them for the 
performance of their respective duties. 
THE statue of Faraday, the commission 
for which was placed in the hands of the 
late sculptor Foley, and which was far ad. 
vanced by him in the full-sized model at the 
time of his death, has been completed in 
marble by one of the disciples of the de- 
ceased artist, and is now awaiting arrange- 
ments for erection. 
Ix an article on the scurn \\ hich broke 
out among the sled-parties of the British 
Polar E'{pedition, the Sanitary Record says 
that never were the plainest results of pa!'t 
experience and the best-established rules of 
naval hygiene more recklessly and disas- 
trously set at naught than in these sled-ex- 
peditior.s, 
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EDUC.A TION AS A SCIEKCE. 


By ALEXANDER BAIN, LL. D., 
PROFESSOR IN THE UNIVERSITY OF ABERDEEN. 


II. 
17w Retentive Faculty. 
T HIS is the faculty that most of all concerns us in the work of 
education. On it rests the possibility of mental growths or 
capabilities not given by K ature. 
Every impression lnade upon us, if sufficient to awaken conscious- 
ness at the time, has a certain permancnce; it can })f'rsist after the 
original ceases to work; and it can be restored afterward as an idea 
or rcmembered impression. The bursting out of a flame arouses onr 
attention, gives a strong visible impression, and becomes an idea or 
deposit of mcmory. It is thought of aftcrward without being actually 
seen. 
It is not often that one single occurrence leaves a l)ermanent and 
recoverable idea; usually, we need several repetitions for the purpose. 
The process of fixing the impression occupies a certain length of time; 
either we nlllst prolong the first shock, or rcnew it on several suc- 
cessive occasions. This is the first law of memory, R
ention or Ac- 
q uisition: "Practice makes })('rfect;" "exercise is the means of 
strengthening a faculty," etc. The good old rule of the schoolmaster 
is simply to make the pupil repeat, rehearse, or persist at a lesson 
until it is learned. 
All improvement in the art of teaching consists in Imving l o egarù 
to the various circumstances that facilitate acquirement, or lc:,scn the 
number of repetitions for a ghTcn effect. 1'1uch is possible in the way 
of cconomizing the plastic power of the human system; and when we 
lutye pushed this economy to the utmost, we have made pcJfect the 
Art of Education in one leading dcpartmcnt. It is tbus necessary 
TOL. x.-33 
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that the consideration of all the known conditions that favor or 
impede the plastic growth of the systeul should be searching and 
minute. 
Although some philosophers have taught that all minds are nearly 
equal in regard to facility of acquirement, a schoolmaster that would 
say so lnust be of the very rudest type. The inequality of different 
n1Ïnds in imbibing lessohs, under the yery same circumstances, is a 
glaring fact; and is one of the obstacles eJ)countered in teaching 
numbers together, that is, classes. It is a difficulty tlwt needs a great 
deal of practical tact or manag"emcnt, and is not met by any educa- 
tional theory. 
The different kinds of acquirements vary in minor circumstances 
which are important to be noticed after exhausting the general or 
pervading conditions. The greatest C'ontrast is between what belongs 
to intelligence, and what belongs to the feelings and the wi]]. The 
more strictly intellectual department comprises 1tlechanical Art, Lan- 
guage, the Sensible 'Y orId, the Sciences, Fine Art; and to each of 
these heads may attach specialties not hard to assign. 
General Circumstances favoring Retentiveness.-1. The physical 
condition. This has l)eeu already touchéd upon, both in the redew 
of physiology, and in tbe remarks on diE'crimination. It includes 
general health, vigor and freshness at the moment, together with tIle 
fiuther Ì1ulispensahle proviso that the nutrition, instead of being 
drafted off to strengthen the mere physical functions, is allowed to 
run in good measure to the brain. 
In the view of mental efficiency, the muscular system, the digestive 
system, and the various organic interests, are to be exercised up to 
the point that conduces to the maximum of general vigor in the sys- 
tem, ftnll no further. They may be carried further in the interest of 
sensual enjoyment, but that is not now bcfore us. Hence a man must 
exercise his muscles, must feed himself Fberally :lnd give time to 
digestion to do its work, must rest adequately-all for the greatest 
encrgy of the mind, and for the trying work of education in particu- 
lar. N or is it so very difficult, in the present state of l>hysiological 
and medical knowledge, to assign the reasonable proportions in all 
these matter
, .for a given case. 
Everything tends to show that, in the mcre physical point of view, 
the making of impression
 on the hrain, although never remitted dur- 
ing an our waking .moments, is exceedingly unequal at different times. 
'Ve must be wen aware that there are moments when we are incapable 
of receiving any lasting impressions, and there are moments when \\ e 
are unusuaUy susceptible. The difference is not one wholly resolvable 
into mere ulental energy on the whole; we may have a considerable 
reserve of force for other mental acts, as the performanee of routine 
09ìCl\S, and not much for retaining new impressions; we are capable 
of reading, talking, writing, and for taking an intcrest in the ex('r 
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cises; we may indulge emotions, and carry out pur
uit8, ana yet not 
be in a state for storing the memory, or amaRsing knowledge. Even 
the inciùents that we take part in sometimes fail to be remembere{l 
Leyond a very short time. 
'Vhat, then, is there 80 very remarkable and unique in tbe l)hysical 
support of the plastic property of the brain? What are the moments 
whcn it is at the plenitude of its efficieIlC'Y ? What are the things 
that e:o:pccially nourish and conserve it? 
Although there is still wanting a careful study of this whole sub- 
ject, the patent facts appear to justify us in aS8erting that the plastic 
or retentive funct.ion is the yery highest energy of the brain, the con- 
summation of nervous activity. To drive home a new eXIJcrience, to 
Inake an impression self-sustaining and recoveralJle, uses up (we are 
to suppose) lllore brain-torce than any other kinù of mental exercise. 
The moments of suscepti1ility to the storing up of knowledge, the en- 
graving of halJits aIhl acquisitions, are thus the moments of the maxi- 
mnm of unexpended force. The circumstances need to be such as to 
prppare the way for the highest lnanifestatioll of cere1ral energy; in- 
cluding the perfect freshness of the system, aud the aùsence of every- 
thing that would speedily impair it. 
To iHustrate this position, I may refer to the kind of mental work 
that appears to be second in its demand on the energy of the brain. 
The exercise of mental constructiveness-the solving of new prob- 
lems, the applying of rules to new cases, the intellectual labor of the 
more arduous professious, as the law, whero a certain amount of noy- 
elty attends every case that occurs-demands no little llwntal strain, 
and is easy according to the brain-vigor of the moment. StilJ, tbese 
are exercises that can be performed with lower degrees of power; we 
are capable of such professional work in moments when our memory 
would not take in new and lasting impressions. III old age, when we 
('ease to 1e educable in any fresh endowment, we can still pelform 
t lwse constructive exercises; we can grapple with new questions, 
invent new arguments and illustrations, decide what shoul(l be done 
in original emergencies. 
The constrl1.C'tive energy has all decrrees from the hicrhest flicrhts 
'-. .""""), 0;:" 
of iu\-ention and imagination down to the j)oint where construction 
shades off into literal repetition of what lIas formerly been done. The 
preacher in composing a fresh discoun
e pnts forth more or less of 
coustructivetiess; in rc ! )eatin cr nrasers and formularies in readinO' 
ö (' J , 0 
from hook, thl're is only reminiscence. This is the third and least 
exigent form of ment
l energy; it is po

ihle 
Il the \"ery lowest state
 
of cerebral vigor. When acquisition is fruitless, construction is pos- 
sihle; when a slight departure from the old routine passes the might 
of the intelligence, literal reminiscence nlay operate. 
Another mode of mental energy th:lt we are equal to, when the 
freshne
s of our susceptibility to new growths ha::; crone off, is search- 
ö . 
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ing and noting. This needs a certain strain l)f attention; it is not 
possilJle in the very lowest tide of the nervous flow; but it may be 
carried on with all but the smallest degrees of 1rain-power. 'Yhen 
the scholar or the man of science ceases to trust his memory implicitly 
for retaining new facts that occur in his reading, ohse!'vation, or re- 
flection, he can still keel) a watch for them, and enter then1 in his 
notes. So in the hours of the .day when memory iR less to be trusted, 
useful study may still be maintained Ly the help of the memorandum 
and the note-book. 
The indulgence of the emotions (when not violent or excessive) is 
ahout the least expensive of our mental exerci
{'s, and may go on when 
we are unfit for any of the higher intellectual moods, least of all for 
the crowning work of r;toring up new knowledge or new aptitnc1e
. 
There are degrees here ahso; but, Flpeaking generally, to love or to 
hate, to dominate or to wOI'
hip, although impo
8iùlp iIJ the lowe
t 
depths of debility, are within the scope of the inferio:r grades of ner- 
vous power. 
:From this estimate of comparative outlay, we may judge what are 
the times and seasons and circumstances most favorable to acquire- 
men"t. It may be a
1:mmed that in the em'ly part of the day the total 
energy of the system h; at its height, and that toward evening it flags; 
hence morning is the season of improvement. For two or three hours 
after the first meal, the strength is probably at tIle Jlighe
t; total re- 
mi::;sion for another hour or two, and a sc>cond meal (with physical 
exercise when the labor has been sedentary), pre})areF: for a second 
display of vigor, although presumably not equal to the fir
t; when the 
edge of this is \VOl n oft
 there may, after a p:msp, be anoth('r bout of 
application, hut far inferior in }'e:;ult to the first or even to the secoud. 
K 0 severe strain should be attempted in this last stage; not much 
stress should be placed on the available pln
ti('ity of the sy
tem, al- 
thou
h the constructive and routine eflol'ts may still he kept up. 
The regular course of the d:1Y may be interfered with hy excep- 
tional c.jre
1I11stan('es but these only confirm the 1'111('. If we have bin 
, 
 
idle or inacti\'e for the early hour:--, we may of COlu
e he fresher in the 
evening, but the late application will not maKe up for the loss of the 
early hours; the nervous energy will gradualJy subside aR the day ad- 
vances however little exertion we may make. Again, we may at any 
, . 
time òetermine an outburst of nervous enerp:y by per:-Ütent exercise 
and. hy stimulation, which draws blood to the ùrain, without regard 
to circumstances and. seasons, hut this is wasteful in itself and disturb- 
ing to the healthy functions. 
.As a general rule
 the sy;:;:.tem is at its g-reatest Tigor in the c
ld 
F:eason of the ye
lr; and most work is (lone in winter. Summer studIes 
are comparati\yeJy unproductive. 
The review of the "arying plasticity in the different sf ages of life 
might be conducted on the same l)l:1n of estimating th<.' collective 
. 
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forces of the system, ana the f:o\hare of these availahle for brain-work., 
but other circumstances have to be taken into the account, and I do 
not entl'r upon the question here. 
There are many detail8 in the economy of the plastic power that 
11,1 ve a physi(
al as well as a mental aspect. 
uch are tbo
c rdatillg 
to the 
train and remission of the attention, to the pau
es and alterna- 
tions during the tillle
 of drill, to the moderating of the nervous cx- 
citement, and other matt('rs. '-rhese should all filal a place unùer tllO 
heal! of the Hetelltive functioIl. It is expedient llOW to take up tIle 
consideration of the suhject from the llUrcly 111l'lltal side. 
2. 'The one circumstance that sums up aU the mental aids to 
plasticity is CO
CE
TR.ATIO:Y. .A certain expenditure of nervous power 
is involved in every adhesion, evcry act of impressing the memory, 
every communicatecl. bias; and the 1l10re the better. 'This sUl'po
es, 
however, that we should withdraw the forces, for the time, from every 
other competing exercise; and, especially, that we should reùeem all 
wasting expenditure fOI. the pm'pose in view. 
It is requisite, therefor'e, that the circumstancf's leading to the con- 
centration of the mind should be well understood. 'Ye as::,ume that 
there is power available for the occasion, and we sel'k to turn it into 
the proper channel. K ow, there is no doubt that the will is the chief 
intervening influence, and the chief stimulants of the will are, as we 
know, pleasure anù pain. 'This is the rough view of the ease. 
\. 
little more precision is attainahle through our psychological knowl- 
eJge. 
And first, the will itself as an operating or directing power, that 
is to say, the Ino\ring of tbe organs in a given way under a motive, is 
a growth or culture; it is v
ry imperfect at first, and improves by 
usage. A child of twelve months cannot by any inducement be 
l)rompted readily to clap its hands, to point with its forefinger, to 
touch the tip of its nose, to n10V(' its left shoulder forward. The most 
elementary a.cts of the will, the alphahet of all the hig,her acquisitions, 
ha\Te first to be learned in a way of their own; and until theY}lave 
attained a. sufficient aùvancement, 80 as to he amenahle to the 
pur of 
a motive, the teacher has nothing to go upon. 
I have elsewhere descriLed this early process, as I conccive it, 
in giving an account of the development of the will. In the prac- 
tice of education, it is a matter of importance as showing at what 
timc mechanical instruction is possible, and what impedes its progress 
at the ontset, notwithstanding the abundance of pbstieity in the 
brain itself. The disciplining of the organs to follow directions would 
seem to be the proper province of the infant school. 
Coming now to thc iuflupnces of concpntration, we assign the first 
place to intrinsic charm, or plea.
ure in the act itself. The law of the 
will, in it
 side of greatest potency, is that pleasure sustains the 
movement that brings it. 'The whole forcl' of the mind at the moment 
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goes with the pleasure-giving exel'cise. The harvest of immediate 
pleasure stimulates our most intense exertions, if exertion serves to 
prolong the blessing. So it is with the deepening of an im}wession, 
the confirming of a bent or Lias, the associating of a couple or a 
sequence of acts; a coinciding burst of joy awakens the attention, 
and t.hus leads to an enduring stamp on the mental framework. 
Tht' ingl';Úllin
 efficiency of the pleasurable motive requires not 
only that we should not be carried off into an accustomed routine of 
voluntary activitil's, such as to give to the forces another direction, 
as when we pace to and fro in a flower-garden; but also that the 
})lea
ure shoulJ not be intense or tumultuous. The law of the mutual 
exclusion of great pleasure and great intellectual exertion forbids the 
employment of too much excitement of any kind; when we aim at the 
most exacting of all mental results - the forming of new adhesÏ\.e 
growths. A gentle pleasure that for the time contents us, there being- 
no great temptation at hand, is the best foster-mother of OlU eftorts at 
learuing. Still better, if it be a growing pleasure; a small beginning, 
with steady increase, never too absorbing, is the best of all stimulants 
to lnental power. In order to l1ave a yet wider compass of stimula- 
tion, without objectionable extn\mes, we might begin on the negative 
side, that is, in I):lill or prh.ation, to be gradually l'emitted in the 
course of the ::;tudious exercise, giving place at last to the exbilara- 
tion of a waxing pleasure. All the great teachers, from Socrates 
downward, seem to recognize the necessity of })utting the learner into 
a state of pain to begin with; a fact that we arc hy no InealiS to exult 
oyer, although we may have to admit the stern truth that is in it. 
The influence of pain, however, takes a wider range tLan here 
up- 
posed, as will be seen under our next head. 
A moderate exhilaration aud cheerfulness, growing out of the aet 
of learning it!'oelf, is certainly the most genial, the most effectual 
nwans of cementing- the unions that we desire to form in the mind. 
This is meant wIlen we speak of the learner having a taste fJr bis 
pursuit, Imving t}w l'Utrt in it, learning con amo're. The fact is per- 
fectly well known; the error, in connection with it, lies in dietating 
or enjoining this state of mind on everybody in every situation, as if 
it could be commanded by a wish, or as if it were not it:..:C'lf an ex- 
pensi,>e endowment. The brain cannot yield an excq)tiollal pleasure 
without charging f()r it. 
Next to pleasure in the actual, as a concentrating motive, is 
pleasure in prospect, as in learning what is to bring us some future 
gratification. The stimulus has the inferiority attaching to the idea 
of pleasure as compared with the reality. Still it may be of various 
degree
, and may rise to a considerable pitch of force. Parents often 
rewarù their children with coins for success in their lessons; the con- 
ception of the plea
ure in this case is nearly equal to a present tremor 
of sense-delight. On the other hand, the promises of fortune and 
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di.,tinction, after a long illtcn.
tl of years, l,,"lve seldom much influence 
in concentrating the mina toward a particular study. 
Let us now view the operation of l)ain. By the law of the will, 
pain repels us from the thing that cau
es it. A }Jainful study repels 
us, just as an agreeable (,ne attracts amI detains us. The only way 
that pain can operate is when it is attached to neglect, or to the waut 
of mental concentration in a given suhject; we then find pleasure, l)y 
comparison, in sticking to our task. This is the theory of punishing 
the want of application. It is in every way inferior to the other 
n1otives; and this inferiority should be always kept in view in cm- 
ploying it, as every teacher often must with the generality of scholars. 
Pain is a waste of brain-power; wl1Ìle the work of the learncr needs 
the very highest form of this powcr. PunisLmellt works at a heavy 
l)ercentage of deduction, which is still greater as it })asses into tbe 
well-defined form of terror. Everyone Las experienced cases where 
severity has rendered a pupil utterly incapable of the work prescribed. 
Discarding all a priOl'i theories as to whether the human mind can 
he led 011 to study Ly an ingenious system of pleasurable attraction
, 
we are safe in affirming that if the physical conditions are properly re- 
garded, if the work is within the compass of the pupil's facultie
, and 
if a fair amount of a
sistance is rendered in the way of intelligible 
direction, although some sort of pain will frequently be necessary, it 
ought not to be so great as to damp the spirits and waste the plastic 
energy. 
The line of remark is exactly the same for pain in prospect, with 
allowance for thc difference between reality and the idea. It is well 
when prospective pain has the power of a motive, because the future 
bad consequences of neglect are so various and so considerable as to 
save the resort to any other. But since the young mind in general is 
weak in the sense of futurity, whether for good or for evil, only very 
near,_ very intelligihle, and vcry certain pains, can take the place of 
presently-acting deterrpnts. 
In tbe study of the human min(l, we nced, for many purposes, to 
draw a" subtile distinction between feeling as pleasure or pain, and 
feeling as excitement not necessarily pleasurable or painful. This 
subtilty cannot be dispensed with in our present FuLject. There is a 
form of mental concentration that is prolwrly termed exeitement, and 
is not properly termed pleasurable or painful excitement. A loud or 
sudden shock, a rapid whirling movement, stirs, wakens, or excites 
us; it may also gÏ\re us pleasure or pain, but it may be perfectly nen- 
tral; and even when there is pleasure or pain, there is an influence 
apart from what would belong to pleasure or pain; as such. ,L\ state 
of excitement seizes hold of the mind for the time being and shuts out 
other mental occupations; we are engrossed with the subject that 
brought on the state, and are not amenable to extraneous influences, 
until that has subsiJcd. IIence, excitement is preëminently a means 
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of making an impression, of stamping an idea in the mind; it is 
strictly an intellectual stimulus. There is still the pro,'iso (under tIle 
general law of incompatibility of the two oppusite moods) that the 
excitement must not be violent aIld wasting. In well-understood 
moderation, excitement is identical with attention, mental engross- 
ment, the concentration of the forces uI)on the IJlastic or cementing 
operation, the rendering permanent as a recolJection what lies in tl1e 
focus of the blaze. Excitement, so defined, is worthless as an end, 
but is valuable as a means; and tbat means is the furtberance of ollr 
mental improvement by driving home some us()ful concatenation of 
ideas. 
Another subtilty remains-a distinction within a distinction. 
After contrasting feeling as excitement with feeling as pleasure or 
-pain, we must separate the useful from the useless or even l)ernicious 
modes of excitement. The useful excitement is wbat is narrowed and 
confined to the subject to be impressed; the useless, and worse than 
useless, excitement is what spreads far and wide, and em braces notb- 
ing in particular. It is easy to get up the last species of excitement- 
the vague, scattered, and tumultuous mode-but this is not of avail 
for any set purpose; it may be counted rather as a distracting agency 
than as a means of calling fm.th and concentrating the attention upon 
an exercise. 
The true excitement for the purpoRe in view is wI13t grows out of 
the very subject itself, surrounding and adhering to that subject. 
Now, for this kind of excitement, the recipe is continuous a})plication 
of the mind in perfect surrounding stillne88. Restrain all other solieita- 
tion of tlle senses; keep the attention upon the one act to be learned; 
and, by the law of nervous and mental persistence, tIle currents of the 
brain will become gradually stronger and stronger, until they bave 
reached the point when they do no more good for the time. This is 
th
 ideal of concentration by neutral excitement. 
The enemy of such happy neutrality js pleasure from without; 
and the youthful mind cannot resist the distraction of a present pleas- 
ure, or even the scent of a far-off pleasure. The 
chooh.oom is pur- 
posely screened off from tbe view of what is going on outside; while 
all internal incidents that hold out pleasurable diversion are carefulJy 
restrained, at least during the crisis of a difficult lesson. A touch of 
pain, or apprehension, if only slight, is not unfavorable to tIle concen- 
tration. 
A very important observation remains, namely, that relationship 
of retention to discrimination which was 8tated in introducing the 
function of discrimination. The consideration of this relationshil) 
illustrates with still greater point the true character of the excite- 
ment that concentrates and does not distract nor dissipate the ener- 
gies. The moment of a delicate discrimination is the moment when 
the intellectual force is dominant; emotion spurns nice distinctions, 
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and incapacitates the mind for feeling them. The quiescence and still- 
ness of the emotions enables the mind to give its full enl.rgies to the 
intellectual proce
ses generally; and of thesp, the fundanwutal is 
perception of difference. N ow, the more mental force we can throw 
into the act of noting a difference, the better is that diffprence felt, 
and the better it is Ùnpressed. The same act that favors discrimina- 
tion favors retention. The two cannot be kept separate. No law uf 
the intellect appears to be more certain than the law that connects 
Ollr discriminating power with our reteutive power. In whateH
r 
class of subjects our discrimination is great-color:o:, forms, tunes, 
tastes-in that class our retention is great. "'l1Cnever the atteution 
can be concentrated on a subject in such a way as to make us feel all 
its delicate lineaments, which is anothcr way of stating the sense of 
differences, through that very circumstance a great impre
Ûon is 
made on the memory; there is no more favorable moment for engra \"- 
ing a recollection. 
The perfection of neutral excitement, therefore, is typified by the 
intense rousing of the forces in an act or a series of acts of discrimi- 
nation. If by any means we can succeed in this, we are sure that the 
other intellectual consequences will follow. It is a rare and difficult 
attainment in volatile years; the conditions, positive and negative, 
for its highest consummation cannot readily be commanded. Yet we 
should clearly comprehend what these cowlitiuns are; and the fore- 
going attempt has been made to seize and embody them. 
Pleasure and pain, besides acting in their own character-that is, 
directing the voluntary actions, have a power as mere excitement, or 
as wakening up the mental blaze, during which an mental acts, in- 
cluding the impressing of the memory, are more effective. The dis- 
tinction must still be drawn between concentrated and diffused exeite- 
ment, between excitement in, and excitement ct'lcay from, the work 
to be done. Pleasure is the most favorable adjunct, if not too great. 
Pain is the more stimulating or exciting; under a painful smart the 
forces are very rapidly quickened for all purposes, until we reach the 
point of wasteful dissipation. This brings us round again to the 
Socratic position, the preparing of the learner's miud by the torpedo 
or the gad-fly. 
The full compass of the operation of the painful stimulant is well 
shown in some of our most familiar experiences as learners. Iu 
committing a lesson to memory, we con it a number of times by the 
book: we then try without the book. '\Ye fail utterly, and are 
slightly pained by the failure. 'Ve go back to the book, and try 
once more without it. 'Ve stin fail, but strain the memory to re- 
cover the lost trains. The pains of failure and the act of straining 
stimulate the forces; the attention is aroused seriously and energeti- 
cally. The next reference to the book finds us far more receptive of 
tbe impression to be made; the weak links are now reënforced with 
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avidity, and the next trial shows the value of the discipline that 113S 
been unùergone. 
One remark more will close the view of the conditions of plas- 
ticity. It is, that discrimination and retentiveness have a common 
support in rapidity and sharpness of transition. A sharp and sudden 
change is commonly said to make a strong impression: the fad im- 
plied concerns discrimination and retention alike. Vague, shadowy, 
ill-defined boundaries fail to be discriminated, and the sul)jects of 
thclll are not remembered. The educator finds great bcope for his art 
in this consideration also. 


..... 


FOI{,1tIA TIO:N OF RAINDROPS .AXD IIAILSTOXES.l 


W HE
 the particles of water or ice which constitute a cloud or 
fog are all of the same size, and the air in which they arc HlS- 
tained i:-:; at rest or is moving uniformly in one direction, then the:e 
particles can have no motion relatively to each other. The weight 
of the particles win C:lU:::iC them to dcscend through the ail' with 
velocities \V hich depellrl on their diameters, and, since they are all of 
the same size, they will all move with the same velocity. 
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FIG. t.-PERFECT HAILSTONE. 


IT nder these circumstances, therefore, the l)articles will ùot trav- 
erse the spaces which separate them, and there can be no aggrega- 
tion so as to form raindrops or hailstones. 
If, however, from circumstances to be presently considered, some 
of the particles of the cloud or fog attain a larger size than others, 
these will descend faster than the others, and win consequently over- 
take those immediately beneath them; with these they may comLillc 
1 Abstract or pflper " On the Jlanner in which Raindrops and Hailstones are formed," 
by Prof. Osborne Reynolds, 
I. 
\., read at the Literary and Philosophical Society, Man- 
chester. 
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so as to form still larger paltticlf>s which will move with greater 
velocity, and more quickly overtaking the particles in front of them 
will add to their size at an increasing rate. 
Under such circum
tances, therefore, the cloud would be converted 
into rain or hail accorùing as the particles were water or ice. 
The size of the drops from such a cloud would ùepend simply on 
the q 1 1antity of water 8uspended in the space swept through by the 
drop in its descent, that is to say, on the density and thickness of the 
cloud below the point from which the drolJs started. 
The author's object is to suggest that this is the actual way in 
which raindrops and hailstones are formel1. lIe was first led to this 
conclusion from observing closely the structure of ordinary hailstones. 
Although to the casual observer hailstones may appear to have no 
particular shape except that of more or less imperfect spheres, on 
closer insfJection they are seen all to partake more or less of a conical 
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FIG. 2.-BROKEN HhILSTONE. 


form with a rounded base like the sector of a sphere. In texture they 
have the appearance of an aggregation of minute particles of ice fitting 
closely togetlwr, but without any crystallization such as that sef'n i:a 
the snow-flake, although the surface of the cone is striated, the strire 
radiating from the vertex. Such a form and texture as this is exactly 
what would result if the stones were formed in the manner describecl 
above. 'Yhen a particle which ultimately formed the vertex of the 
cone started on its downwanl ùescent and encountered other particles 
on its lower face, they wonld adhere to it, however slightly. The 
IH:lSS, therefore, wonla grow in thickness downward; and as some of 
the pm.ticles would strike the face so close to the edge that they would 
O\TerJlang, the lo\v'cr face would continually grow broader, and a coni- 
cal form be given to the mass ahove. 
"\Vhen found on the ground the hailstones are generally imperfect; 
and besides such bruises as may be accounted for by the faU, many 
of them appear to have been imperfect before reacbing the grounil. 
Such deformities, however, may l)e easily accounted for. The larger 
stones fall faster than those which are smaller, ana consequently may 
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overtake them in their descent; and then the smaller stones will stiek 
tò the larger and at once deform them. But besides the deformation 
caused by the presence of the smaller stone, the effect of the impact 
nlay be to impart a rotary motion to the stone, so that now it will no 
longer continue to grow in the same manner 3S hefore. lIenee we 
have causes for almost any irregularities of form in the ordinary hail- 
stone. 
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FIG. S.-IMITATION IN PLASTER OF PARIS. 


It appears, from the numerous accounts which lmve been pub- 
lisl]ed, that occasionally hailstones are found whose form is altogether 
different from that described above. These, however, are exceptional, 
and, to whatever causes they lllay owe their peculiarities, these causes 
cannot affect the stones to which reference is here made. 
AO'aln on careful examination, it is seen tbat the ordinar y hail- 
o , 
stones are denser and firmer toward their bases or spherical sides than 
near the vertex of the cone, which latter often appears to have ùroken 
off in the descent. This, also, is exactly what would result from the 
manner of formation described aboye. "
ben the l)article first startR 
it will be moving slowly, and the force with which the particles im- 
J)inge upon it will be slight, and consequently its texture loose; 3
, 
however, it grows in size and its velocity increases, it will strike. the 
particles it overtakes with greater force and 80 drive them into a 
more compact mass. If th
 velocity were sufficient, the particles 
would strike witb sufficient force to adhere as solid ice, and this ap- 
pears to be tbe case when the stones become large, as large as a wal- 
nut, for instance. 
Än idea of the effect of the susI)ended particles, on l)eing overtaken 
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by the stone, may be formeù from the action of the particles of sand 
in 
Ir. Tilghman's sand-blast, used for cutting glass. The two cases 
are essentially the same, the only difference being that tbe hailstone 
is moving through the air, whereas, in the case of the sand-blast, the 
object which corresponds to the stone is fixed, and the sand is blown 
against it. 
By this sand-blast the finest particles of sanù are made to indent 
the hardest Inaterial, such as quartz or hard steel; so that the actual 
intensity of the pressure between the surface of the particles of salHl 
and that of the object they strike must be enormous. And yet the 
velocity of the blast is not Sf) much greater than that at which a good- 
:--izetl hailstone descen<1s. It iR easy to conceive, therefore, that the 
ft>rce of the impact of the su"pended particles of ice, if not much be- 
low the temperature of freezing, 011 a large hailstone, woulù drive them 
together so as to form solid ice. For the effect of squeezing two 
particles of ice together is to cause them to thaw at the surface of 
contact, and as soon as the pressure is relievcd they freeze again, awl 
hence their adhesion. 
It is then shown that hailHtones, such as those described, C:ln 
neither be formed hy the freezing of raindrops, nor hy the condem:a- 
tion of vapor on a nucleus of ice; and that it is impossible that the 
particles of ice can have been drawn together by electrical attraction 
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FIG. 4.-IMITATION IN PLASTER OF PARIS. 


-their eonic:l.1 shape, and the increase ill their density toward their 
thicker 
i(le
, clearly showing that the particles haye aggreg:l.ted from 
one (lirection, amI with an increasing f(1rce as the size of the stone has 
iacrea
ea. 
'The pos
ibility of making artificial stones is thus consiacred: If :t 
E:tre:l.m of frozen f()
 were (hiven against any small ohject, thl'n tl1(' 
fl'OZf>ll particles shonlll accumulate on the object in a mass resemhling- 
a hail
toll(>. X ot sc<>ing- his way to obtain snch a strenm of frozen 
fog, the author thought it mi
ht tw worth whiTe to try the effect of 
l)lowing very fillely-powderell plaster of Paris. He therefore intro- 
anced a stream of this material into a jet of steam, i
StÜl1g freply into 
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the air (which he hoped. would moisten the powdered plaster suf- 
ficiently to cause it to set firmly into whatever form it collected). 
The jet was directed against a splinter of wood. 
In this way masses of plaster very closely resemùling hailstones 
were obtained. They were all more or less conical, with their bases 
facing the jet. But, as might be expected, the angles of the cones 
were all smaller than those of the hailstones. Two of these figures arc 
shown in the sketches annexed. 
The striæ were strongly marked, and exactly resemùled tbose of 
the hailstone. The ba
c::; also were rounded. Tht,y were somewhat 
steeper than those of the hailstone; but this was clearly ùue to the 
want of sufficient cohe
ive power on the part of the plaster. It was 
not sufficiently wet. Owing to this cause also it was not possible to 
preserve the lumps when they were formed, as tlJC least shake causel1 
them to tumble in })i(
ces. 
Similar masses were :11so obtained l,y blowing the vapor of naph- 
thaline, but these were also very fragill'. 'V hereupon it is remarked: 
..At ordinary temperatures the powdered naphthaline does not adhere 
like ice when prø;sed into a lump. No doubt at very low temperatures 
ice would behave in the same way, that is to E:ay, the particles would 
not adhere from the force of impact. IIence it would seem probalJle 
that, for hailstones to be formed, the temperature of the cloud nlust 
not be much below the freezing-point. 
That the effect of the temperatnre of the cloud exercises great 
influence on the character of the hailstones cannot be doubted. And 
if, as has been suggested by::\1. L. Dufour, the particles will 80metimes 
remain fluid, e\"en when the temperature is as low as 0 0 Fahr., it is 
clear that, as they are swept up hy a falling stone, they may freeze 
into homogeneous ice either in a laminated or crystalline form. 
The author then proceeds to show that raindrops are probably 
formed in the same way as hailstones; that, although the raindrops 
have no structural p3cnliarities like the hailstones, the aggregation of 
the particles of water by the descent of the drop through the cloud is 
the only explanation wh
ch will account for them. He shows that, as 
1\11.. llaxendell had pre,riously pointed out, the amount of valwr which 
a cold drop could condense before it l)ecomes as warm as the vapor 
would be inappreciable when compared with the size of the drop; ana 
since, in order that there nlight be condensation, the air must l)e 
warmer than the drop, the drop could not })art with its heat to the 
mr. lIe also shows that during the time of descent of a large drop 
the heat lost by radiation would not account for the condensation of 
sufficient vapor to make any appreciable differp.nce in the size of the 
drop. 1V'hereas, if we suppose all the vapor which a body of saturated 
air at 60 0 Fahr. would contain over and aboye what it would contain 
at 32 0 to be changed into a fog or cloud, then if a particle, after 
commencing to descend, aggregated to itself all the water suspended 
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in the volume of air through which it swept, the diameter of the drop 
after passing through 2,')00 feet would be more than an eighth of an 
inch, and after passing through 4,000 feet a quarter of an iuch, and so 
on. So that, in passing through 8,000 feet of such cloud, it would ac- 
quire a diameter of half an inch. 
The fact that raindrops never attain the size of large hailstones is 
eXplained as being due to the mohility in the case of large drops of 
the surface tension of the water, by which alone the drop retains its 
form, to withstanù the disturbing force of. the air rushing past; when 
the drop reaches a certain size, therefore, it is blown in pieces like the 
wat
r frOln a fountain. 
The origin of stones anù drops is then discussed-why some of the 
pal.ticles in a cloud should be larger than the others, as it iR necessary 
for them to be in order that they may commence a more rapid descent. 
..A cloud does not always rain; and hence it would seem that in their 
normal condition the particles of a cloud are all of the same size and 
have no internal motion, and that the variation of ðize is due to same 
irregularity or disturbance in the cloud. ' 
Such irregularity would result when a cloud is cooling hy radiation 
from its upper surface. The particles on the top of tIle cloud being 
nlOre exposed would radiate faster than tho!'e below them, and hence 
they would condense more vapor and grow more rapidly in size. 
They woulù therefore de
cend and leave other particles to form the 
top of the cloud. In this way we should have in cmbryo a continuous 
succes
ion of drops. 
EJllies in the cloud also form another possible cause of the origin 
of llrOPS and stones.-Nllture. 
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OX TIlE STUDY OF BIOLOGY.1 


By PROFESSOR T. H. H["XLEY. 


I T is my duty to-night to speak about the study of biology, and 
while it may be that there are many among you who are quite 
familiar with that study, yet, as a h)l
tnrer of some standing, it would, 
I know by experience, be very bad policy on my part to suppose such 
to be extensively the case. On the contrary, I must imagine that 
there are many of you who would like to know what biology is; that 
there will be others who have th;t amount of information, hut would 
neverthel
ss gladly learn why it should be worth their while to study 
biology; and yet others, again, to whom these two pointR are clear, 
but who desire to learn how they had bcst study it, and, finally, when 
1 .A lectme by Prof. IIux:ley, delivercd at the South Kensington 
Iuseuw, on Saturday, 
DeccUI')cr 16, 1876. 
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they had best study it; and I shall address myself to the endeavor to 
give )'on SOlne answer to these four questions-what biology is; why 
it should be studied; how it should be studied; and when it should 
ùe studied. 
In the first place, in respect to w hat biology is, there are, I believe, 
some persons who imagine that the term" biology" is simply a new- 
fangled denomination, a neologism, in short, for ,,,,hat used to be 
known under the title of "natural history;" but I I"hall try to show 
you, on the contrary, that the worù is the expression of the growth 
of science duriug the last two hundred )"ears, and came into existence 
half a century ago. · 
..At the l'evival of learning, knowledge wa" didùeJ intù two kinds 
-the knowledge of Nature, and the knowledge of man; for it was the 
cllrrent idea then (ana a great deal of that ancient conception still 
remains) that there was a sort of es:scnt ial antit he
is, nut to :o:ay an- 
tagonism, ùetween Nature and man; and that the two had not very 
llllWh to do with one another, except that the one was oftentimes ex- 
ceedingly truublesome to the other. Though it is one of the salient 
merits of our great philosoplwrs of the seventeenth century tbat they 
recognize but one scientific method, applical)le alike to man and to 
N aturp, we find this notion of the existence of a broad distinction be- 
tween Nature and man in the writings of Bacon and IIobbes of 

Iahllesbury; and I have brought" ith me that famous' work which is 
now so little known, greatly as it desen"es to be studied, "The Levi- 
athan," in orcl(')" that I may put to you, in the wonderfully terse and 
clear language of Thomas Hohbes, 'VII at was his view of the matter. 
lIe S:l ys : 
"The register of knowledge of fact is called hbtory. 'Yhereof 
there be two surts: one called. natural history; which is the history 
of such facts or efleets of Nature as have no dependence on man's 
will; sueh as are the histories of metals, plants, animals, regions, and 
the Iikc. The other is civil history; which is the history of tbe volun- 
tary actions of men in commonwealths." 
So that all history of fact was divided into these two great groups 
of natnral and of cÍ\-il history. The Royal Society was in course of 
foundation about the time that Hobbes was writing tlJis book, which 
was published in 1651, and that 
oeiety is termed a "Society for the 
A(1 vancenll'llt of X atllral I
nowledge," which is nearly the same thing 
as a "8ociety for the ....-\dvancenlent of Natural History." As time 
\n'ut on, a.nd the various branches of human knowledge became more 
distinctly developed and separated from one another, it was found 
that 
ome were much nlore susceptible of prpcise mathematical treat- 
ment than otherR. The l)uhlication of the" Principia" of Newton, 
whiC'h probably gave a greater stimulus to physical science tDan any 
work ever published 1)efol"p, or which is likely to be published here- 

fter, showe<l that precise mathematical nwtbods were applicable to 
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those branches of sciencc, such as astronomy, and what we now call 
physics, which occupy a \'cry large portion of the domain of ""hat the 
older writers under:::;tood by natural history. And inasmuch as the 
l):u-tly deductive and partly experimental methods of treatment, to 
which K ewton and others subjected these branc-hes of human knowl- 
edge, showell that the phenomena of Nature which belonged to them 
were susceptible of explanation, aud thereby came within the reach 
of what was called" philosophy" in those days, so much of this kind 
of knowledge as was not included under astronomy came to be spoken 
of as "natural philosophy "-a term which Bacon had employed in a 
much wider sense. Time went on, a11(l Jet other branches of science 
developed themselves. Chemistry took a definite shape, and as all 
these sciences, such as astronomy, natural philosophy, and chemistry, 
were susceptible either of mathematical treatment or ûf experimental 
treatment, 01' of hoth, a great distinction was drawn between the ex- 
})erinlental branches of what had previously been called natural his- 
tory and the observational branches-those in 'which experimeut was 
(or appeared to be) of doubtful use, and where, at that time, mathe- 
matical methods were inapplical)le. Under these circumstances the 
old name of "natural history" stuck by the residuum, by tbose phe- 
nomena which were not, at that time, susceptible of mathematical or 
experimental treatment; that is to 
ay, those phenomena of Nature 
which come now under the general heads of physical geography, 
geology, mineralogy, the history of plants, and the history of animals. 
It was in this sense that the tern1 was understood by the great writl>rs 
of the middle of the last century-Buffon and Liuuæus-by Buffon 
in his great work, the" IIistoire Naturellc Générale," and by Linnæus 
in his splendifl achievement, the" Systema N aturæ." The subjects 
they deal with are spoken of as "natural history," :lnd they called 
themselves, and wcre called, naturalists. But you will obserye that 
this was not the original meaning of these terms; but that they had, 
hy this time, acquired a signification widely different from that which 
they possessed primitiyely. 
The sense in whidl "natural history" was used at the time I am 
now speaking of has, to a certain extent, endured to the present day. 
There are now in existence, in S0111(' of our northern univE:rsities, chairs 
of Civil and Natural History, in which the term" natural history'" is 
usetl to indicate exactly what IIobhes and Bacon meant 1)y that term. 
Therc are others in which the unhappy incumbent of the chair of 
Natural IIi story is, or wa
, still supposed to cover the wholc ground 
of gco]o,
y and mineralogy, zoölogy, perhaps ('yen botany, in his lect- 
ures. But as scif>uce made the marvelous progress which it did make 
at the ClHl of the last an<l the beginning of the present century, 
thinking men began to discern that uucler this titl<' of "natural his- 
tory" there were inclndet1 \yery heterogeneous constituents-that, 
for example, geology and mineralogy were, in many re-spects, very 
VOL. x.-34 
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different from botany and zoölogy; that a Ulan might obtain an ex- 
tensive know ledge of the structure aud functions of plants and ani- 
mals, witllout haying need to enter upon the study of geology aud 
mineralogy, and !j)ice vers(t j and, further, as knowledge aù,'anc(;d, it 
bccame clear that there was a great analogy, a vcry close allianC'c, 
between those two sciences of Lotany and zoülogy which deal with 
living beings, while they are much more widely separated from all 
other stuùies. It is due to .Buft'on to remark tlm t lJC clearly recog- 
nized thi
 great fact. lIe says: "Ces deux genres ù"êtres organisés 
(les animaux et les végétanx) ont, be:.lucoup l;lus de propriété::: eom- 
Inlll1CS que de ditférences réelles." Therefore it is not wonderful that 
at the beginning of the present century, aud oddly enough in two 
differcnt countries, and, so far as I know, without any intercom- 
Inllllicatiou between the respective writers, two famous men clearly 
conceived the notion of uniting the whole of the sciences which 
deal with living matter into one whole, and of dealing with them as 
one discipline. In fact, I Illay say there were three men to whem this 
idea occnrred contemporaneously, although there were but two who 
carried it into eftèct, and only one who worked it out completely. The 
persons to whom I refer were the eminent physiologist Bichat,' the 
great naturalist Lamarck, in :France; and a distinguished ,German, 
Treviranus. Bielat assumeù the existence of a 8pecial gronp of 
" physiological" sciences. Lamarck, in a work publi
hed in 1801,2 for 
the first time made use ()f the name" biologic," from the two Greek 
worùs which signify a discourse upon life and living tldn[Jò'. ....\hout 
the same time it occurred to Treviranus that all those sciences which 
deal with living matter are. essentially and fundamentally one, anù 
ought to be tr
ated as a whole, and in the year 1802 lIe published 
the first volume of what he also caned "Biologic." Treviranus's 
great Dlerit consists in this, that he worked out his idea, and that he 
published the very remarkal)le book to which I refer, which consists 
of six volumes, and which occupied him for twenty years-from 1802 
to 1822. 
That is the origin of the term" biology," and t]wt is how it has 
come about that all clear thinkers and lovers of consistent nomenclat- 
ure have suh
tituted for the old confusing name of" natural ljistory," 
whi<:h has conveyed' so many meanings, the term "biology" to de- 
note the whole of the sciences which deal with living things, whether 
they 1w anim
l
 or whether they be plants. Some little time ago-in 
the course of this year, I think-I was favored hy a learned classic, 
Dr. Field of Norwich with a dis q uisition , in which he. endeavored to 
" . 
prove that from a philological point of view neither Treviranus nor 
Lamarck bad any right to coin this new word" biology" for his 
I See the distinction between the II sciences þhysiques n and the II scier:ccs physiolo- 
giques" in the" Anatomie Générale," 180l. 
2 "Hydrogéologie," an. x. (1801). 



O...V THE STUD Y OF BIOLOGY. 


53 1 


purpose; that, in fact, the Greek word" bios" had relation only to 
human life and. human affairs, and that a different word was employed 
when they wi:;hed to speak of the life of animals anù planb. So Dr. 
}"'ieIJ tells us we are all wrong in using the terlll biology, and that we 
ought to employ another-only, unluckily, he is not quite sure about 
the propriety of that which he proposes as a substitute. It is a some- 
what hard one--zo3tocology. I am sorry we are wrong, because 
we arc likely to continue so. In thc'so matters we nlUst ha \"e 
some sort of "statute of limitations." 1Vhell a llame lws been em- 
ployed for half a century, persons of authority 1 have been using it, 
and. its sense has become well understood, I am afraid that pf'ople 
win go on using it, whatever the weight of philological ohjection. 
N ow that we have arrived at the origin of this worlI ., biology," 
the Il8xt point to consider is, 'Vhat groUlHl does it cover? I have said 
th:1t in its strict technica.l sense it covers all the phenomena that are 
exhiùiteù by living things, as distinguish('d from tlJOse which are not 
living; but while that i
 all very well so long as we confine ourselves 
to the lower animals and to plants, it buds us in a very con
iderable 
llifficulLy when we 1'('a('h the higher forms of living things. For, what- 
evel. view we may entertain about the naturc of man, one thing is per- 
fectly certain, that he is a lidng creature. IIence, if our definition is to 
be interpreted 
trictly, we must include man and all his W:1Ys and works 
under the head of biology; in which case we should find that psy- 
chology, politics, and political economy, would all 1e abso1'1Jed into 
the province of biology. In fact, civil history would be merged in 
natural history. In strict logic it may be har(1 to object to this 
conl":5e, because no one can llouht that the rudiments and outlines of 
onr own mental phenomena are traceable among the lower animals. 
They ha\ye their economy and their polity; and if, as is always ad- 
mitteù, the polity of bees ana the commonwealth of wolves fall within 
the purview of the hiologist proper, it becomes hard to say why we 
should not include therein human affairs, which in so many cases re- 
semble those of bees in zealous getting, and are not without a certain 
parity in the proceedings of wolves. The real fact is, that we biolo- 
gists are a self-sacrificing people; and inasmuch :1S, on a moderate 
estimate, there are about a qnarter of a million different species of 
animals and plants to know about already, we feel that we have 
In ore than sufficient terl
itory. There has been a sort of practical con- 
ventiun by which we gi\ye up to a different branch of science what 
Bacon anJ IIobbcs wonld have called" civil history." That hranch 
of science has constituted itself under the head of Fociolof!:"'. I may 
use phraseology which at present will he well understood, and say 
that we have allowed that provincc of biology to become autono- 


] "The term biolog,ll, which means exactly what we wish to express, the science of 
life, ha
 often been used and has of late become not uncommon among good writers." 
-\\
hcwel1, "Philosophy of the Inductive Sciences," vol. Ï., p. 544 (edition of 1847). 
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mous; but I should like you to recollect that that is a sacrifice, and 
that you sllOuld not be suqHised if it occasionally happens that you 
see a biologist trespassing upon questions of philosophy or politics, 
or meddling with human education, because, after all, that is a part 
of his kingdom vdlÌch he has only voluntarily forsaken. 
Having now defined the meaning of the word "biology," and 
having indicated the general scope of biological science, I turn to my 
second question, which is, 'Yhy should we study biology? Possi- 
bly the time may come when that will seem a very odd question. 
That we, living creatures, should not feel a certain amount of inter. 
est in what it is that constitutes our life, wiU eventuall y nnder altered 
. , 
ideas of the fittest ohjects of human inquiry, seem to be a singular phe- 
nomenon; but at present, judging by the practice of teachers and 
educators, this would seem to be a matter that does not concern us at 
aLl. I propose to put before you a few eonsideratiom:: which I dare 
!Say many of you will be famiJiar with already, hut which will suffice 
to show-not fully, because to demonstrate tl1Ís point fully would take 
a great many lectures-that there are some very good and substantial 
rea
on'j why it may be ndvis3 ble that we should know something 
abont this branch of human learning. I myself entirely agree with 
another sentiment of the philosopllCr of 
Ialmesbury, that "the scope 
of all 
peculation is the performance of some action or thing to be 
done," and I ha\
e not any very great respect for or intereRt in mere 
"knowing a
 such. I judge of the value of human }1ursuits by their 
hearing npon human interests-in other wordf4, by their utility; but I 
should like that we should quite clearly understand what it is that 
we mean l)y this word "uti]ity." K ow, in an Englishman's mouth, 
it generaHy means that by whic!). we get pudrling or praise, or hoth. 
I have no doubt that is one Ineaning of the word utility, but it by no 
Ineans inclnde
 all I mean hy utility. I think that knowledge of every 
kina is useful in proportion as it tends to give people right idea
, 
which are e
sential to the foundation of right practice, and to re- 
moye wrong ideas, which are the no less essential foundations and 
fertile motlwrs of every description of error in practice. And, upon 
the whole, inasmuch as this ,,"'orlel is, after all, whatever practical})eo- 
pIe may 
n.y, absolutely governecl 1>y ideas, and very often by the 
wildest and nlost hypothetical ideas, it is a matter of the very great- 
est importance that our theories of things, and evcn of things that 
8ecm a long way apart from our daily lives, should be as far as pos- 
8ible true, and as far as possible removed from error. It is not only in 
the C03.r:;:er practieal senRe of the word "utility," hut in this higher 
and bro3(ler sense, that I measure the value ûf the study of biology 
by its utility, and I shall try to point ont to yon that you will feel 
the neecl of some knowledge of l}iology at a great many turns of this 
l)re
ent nineteenth-century life of onrs. For example, lnost of ns lay 
great and very just stress uI)on the conception which is entertained 
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of the position of man in this universe, and his relation to the rest of 
Nature. 'Ye have almost all of us been told, and most of us hold 
hy the tradition, that man occupies an i
olated aud peculiar po
itioll 
in N aturc; that though be is in the world he is not of the worlù ; 
that his relation8 to things about him are of a remote character, "that 
his origin is recent, his duration likely to be short, and that he is the 
great central figure round which other things in this world revolve. 
But this is not what the liologi8ts tell U8. ...\t the present moment 
you will be kind enough to separate me from them, because it is in 
no way essential to my argument just now that I should advocate 
their views. Don't suppose that I am saying this for the purpose of 
csraping the responsibility of their belief8, because at other times and 
in other places I do not think that point 11308 been left doubtful; but I 
want clearly to point out to you that .for my pre
cl1t argument they 
luay all be wrong; nevertheless, my argument wiU hold good. The 
hiologi8ts tell us that all this is an entire mistake. They turn to the 
physical organization of man. They examine his whole structure, his 
Lony frame, aud all that clothes it. They resolve him into the fiuest 
particles into which the microscope will ena11e them to lJreak him up. 
They consider the performance of his various functions and activities, 
and they look at the manner in which he occurs on the surface of the 
world. Then they turn to other animals, and, taking the first handy 
domestic animal-say a dog-they profe
s to be able to demonstrate 
that the analysis of the dog leads them in gross to precisely the 
ame 
results as the analysis of the man; that they fiud almost identically 
the same bone
, ha\'ing -the same relations; that they can name the 
muscles of the dog by the names of the muscles of the man, and the 
nel
ves of the dog by those of the nerves of the man. and that such 
structures and organs of sense as we find in the man such also we find 
in the dog; they analyze the brain and 
pinal cord, and find the no- 
menclature which does for the one answer for the other. They carry 
their microscopic inquiries in the case of the dog as far as they ('an, 
and they find that his body is resolvable into the !"ame elements as 
those of the man. ::\Ioreo,'cr, they trace back the dog's and tbe man's 
developmcnt, and they find that at a certain stage of their existence 
the two creatures are not distingni8hable the one from the other; theY' 
find that the dog and his kind hayc a certain distribution over the 
surface of the worlù comparable in its way to the distrihution of the 
human species. What is true of the dog they tell us is true of all 
the higher allimal
; alld tlwy find that for the whole of these creat- 
ures they can lay down a common plan, and regard the mall and the 
dog, the horse and the ox, as minor modifications of one great fllnda- 
lllental unity. 
IoreoYer, the investigations of the last three-quarters 
of a century have proved, they tell us, that similar inquiries carried 
out through all the different kinds of animab which are mct with in 
Nature will lead us, not in one straight series, but by lllany roads, 
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step by step, gradation by gradation, from mall at the summit to 
specks of animatpd jelly at the bottom of thc series; so that thc idea 
of Leibnitz ana of Bonnct that animals forIn a great scale of being 
in which there is a series of gradations from the most complicatpd 
form to the lowest and simplest-that idea, though not cxactly in the 
form in which it was pl.opounded hy those philosopherR, turns out to 
be substantiaUy correct. .1\lorc than this, WhCll biologists .lHusue 
their investigations into the vegctaùle world, thcy find that they can 
in the Rame way follow out the structure of the plant from tIle most 
gigantic and complicated trees through a similar f'eries of gradations 
until they arri \"e at similar specks of animatcd jel1r, which tllf'J are 
puzzled to distinguish from those which th<,y re:lched by the animal 
road. 
Thus they havc arrived at the concJusion that a fundamental uni- 
formity of structure pervades the animal and vegetable world'S, and 
that plants 
1I1d animals differ from Ollf' another simlJly as modifica- 
tions of thc same great genm'all)lan. 
Again, they tell us thc same story in regard to the study of func- 
tion. They admit the largc aud important interval w))i('h, at tl e 
present tinH', separates tl:.e maniteFtations of tllP mental facultic1' (1;- 
scrvable in the higher forms of mankind, and even i)) the lower form
, 
such as wc know them, mentally from tho!'c exhibited 1))' other ani- 
mals; but, at the same time, they tell us that the foundations or rudi- 
ments of almost all tIle facultics of man are to be met with iu tLe 
lower animals; that ther(' is a unity of mental faculty as wpll as of 
l>üdily strnctnre, and that here also the difference is a difftr('nce of 
degrcc a.nd not of kind. I said" alnlOst an" for a reason. Among 
the many distinctions which havc ùeen drawn ])etwepll the lower Crf'flt- 
ures anù oursdves, thcre is one which is hardly ever insistf'd on/ but 
which Il1flY be fitly spolæn of in a. })lacc FO largely dcvoted to art as 
that in which we are assembled. It is this, that, while among various 
kinds of animals it is possible to disco'ver traces of all the othpr facul- 
ties of man, cspecially the faculty of mimicry, yet that }mrticnlar 
form of mimicry which shows itself in the imitation of form, cithpr 
by modeling or by drawing, is not to ùe met with. As far as I know, 
there is no s
ulpture or modeling, and decidNlly no painting or draw- 
ing, of animal origin. I mention the fact in order that 
mch comfort 
may be derived therefrom as artists may feel inclined to tak('. 
If what the biologists tcll us iR true, it win bp needful for us to 
get rid of our erronl'OUS conceptions of man and of llÍs place in K a- 
ture, and substitute for them right ones. But it is impossible to fornl 
any judgment as to whether tbe biologi
ts are right or wrong nnlcfs 
we are able to appreciate the nature of the arguments which they 
have to offe
.. 
One would almost think that this was a self-evident proposition. I 
I I think that Prof, Allman was the first to draw attention to it. 
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wonder what a scholar woulJ say to the man who Rhould undertake 
to criticise a difficult passage in a Greek play, but who obviously had 
not acquainted himself with the rudiments of the Greek grmnmar. 
And, before giving a po:-:itive opinion ahout these high questions of 
biology, people not only don't seem to think it necessary to be ac- 
quainted with the grammar of the subject, but they have not even 
mastered the alphabet.. You find critici
m and denunciation showered 
about hy persons who not only have not attempted to go through the 
discipline necessary to enable them to be judges, but haye not even 
l'eached that stage of emergence from ignorance in which the knowl- 
edge that such a discipline is nece!'sary dawns npon the mind. Ilw,ve 
had to watch with some attention-in fact, I have been favored wit}] 
a good deal of it myself-the sort of criticism with which biologistH 
and biuloo'ical doctrines are visited. I am told every now and tht,U 
o . 
that there is a "brilliant article" I in so-and-so, in which we are all 
demolished. I used to read these things once, but I am getting old, 
and I have ceased to attend very much to this cry of " wolf!" \Vheu 
one does read one of these productions, what one finds generally, on 
the face of it, is, that the brilliant critic is devoid of even the ele- 
ments of knowledge in the matter, and that his brilliancy is like the 
light given out by the crackling of thorns unJer a pot of which Solo- 
mon speaks. So far as I re
ollect, Solomon makes use of tl}at image 
for purposes of comparison; but I won't proceed into th
t matter 
further. 
Two thing
 must he ohvious: in the first place, that eyery man 
who has the interests of truth at heart must earnestly desire that every 
well-founded and just criticism that can be made should be made; but 
it is essential to anybody's being ahle to benefit by criticism that the 
critic shoul<l know what he is talking about and be in a position to 
form a mental image of the facts symboliz{'(1 hy the word he m;;es. If 
not, it is as obvious in the c:u:e of a biological 
rgument as it is in 
that of an historical or philulogical discn
sioll, that such criticism is 
a mere waste of time on the part of the author, and wholly undeserv- 
ing of attention on the part of those who are criticised. Take it, 
then, as an illustration of the importance of biological study that 
thereby alone are men able to form Romething like a rational concep- 
tion of what constitutes valuable criticism of the teachings of biolo- 
gist
. 2 
1 Galileo was troubled by a sort of people whom he called" paper-philosophers," be- 
cause they fancied that the true reading of Nature was to be detected by the collation of 
texts. The race is not extinct, but, as of old. brings forth its "winds of doctrine" by 
which the weathercock-heads among us are much {'xercised. 
t Some critics do not even take the trouble to read. I have recently been adjured 
with much solemnity to state publicly why I have" changed" my opinion as to the value 
of the paleontological evidence of the occurrence of evolution. 
To this my reply is, \Yhy should I, when that statement was made seven years ago? 
.An address delivered from the presidential chair of the Geological Society in 1870 may 
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Next, I Inay mention another bearing of biological knowledge-a 
more !1ractical one in the ordinary senf'e of the word. Consider tIle 
theory of infectious disea
e. Burely that is vf interest to all of us. 
Now, the theory of infectious disea
e i
 rapidly Leing elucidated by 
biological study. It is possible to }Jroduce frOln among the lower 
animals cases of devastating diseases which have all the appearance 
of our infectious L1iseases, and which are certainly ana unmistakably 
caused by living organisms. This fact renders it possible, at any 
rate, that that doctrine of the causation of infections disease which is 
known under the name of "the germ-theory" Illay be well-fouuc1eù; 
and, if so, it must neeùs lead to the most important practical me:umrcs 
in dealing with those most terrihle visitations. It may be well that 
the general as well as the professioual public should have a sufficieut 
knowledge of biological truths to be able to take a rational intere
t 
in the discussion of such problems, and to see, what I think tlwy may 
hope to see, that to tho:5e who possess a sufficicnt elementary knowl- 
edge of biology tlwy are not all quite open question
. 
Let Ine mention another important practical illustration of the 
value of biological study. 'Vithill the last forty years the theory of 
agrieulture has be('u revolutionized. The res('arches of Liebig, aud 
those of our OWll LaweR nnd Gilbel o t, ha\.e had a bearing upon that 
bl'alleh of inùustry, the iml)ortance of which caunot bE' over-estimated; 
but the whole of these new views ha'.c grown out of the better expla- 
nation of certain proce::;ses whieh go on in plants, ana which, of course, 
form at part of the suhject-matter of biology. 
I Inight go 011 multiplying these examples, but I see that the clock 
won't wait for me, an(l I must, therefon>, pass to the third question to 
which I referred: Granted that biology is smnething worth studying, 
what is the best way of studying it? Here I must point out that, 
since biology is a })hysical Rcience, the nlethod of studying it must 
needs l,e analogous to that which is followed in the other pllysical 
seiences. It has no
 long 1een 1.ecognizc<1 that if a man wishes to be 
a chemist it is not only necessary that he should read chemical books 
and attend chemical lectures, but that he should actually }lÍmself lwr- 
form the fundamental experiments in the la horatory, and know exactly 
what the words whieh he finds in his books and hears from his teach- 


be said to be a public document, inasmuch as it not only appeared in the journal of that 
learned body, but was republished in 1873 in a volume of " Critiques and. Addresses," to 
which my name is attached. Therein will ùe found a pretty full statement of my reasons 
for enunciating two propositions: 1. That, " when we turn to the higher l""erilb1.ata, the 
results of recent investigations, however we may sift and criticise them, seem to me to 
leave a clear ùalance in favor of the evolution of living forms one from another;" and 
2. That the case of the horse is one which" will stand rigorous criticism." 
Thus I do not see clearly in what way I can be said to have changed my opinion, ex- 
cept in the way of intensifying it, when in consequence of the accumulation of similar 
evidence since 1870 I reccntly spoke of the denial of evolution as not worth serious con- 
sideration. 
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ers, mean. If he does Hot do that, he may read till the crack of doom, 
but he will nevcr know much about ch
mistry. That is what cvery 
chemist will tell you, and the physicist will do thc samc for his urallch 
of science. The great changes and improvements in physical anù 
chemical scientific education which have taken place uf late haye all 
resulted from the combination of practical tea<:hillg with tJlC reading 
of books and with the hearing of lectures. The same thing is true in 
biology. Nobody will c\.cr know anything about biology, except in a 
dilettant " pap3r-philosophcr" way, who contcnts himself with read- 
ing buoks on botany, zoölogy, 311<.1 the like; and the reason of this is 
simple awl easy to UlH_1crðtawl. It is, that all language is merely 
symbolical of the things of which it tréats; the more complicated the 
things, the more bare is the symbol, and thc more its verbal definition 
requires to be supplclllented by the information deriyecl directly from 
the handling, and the seeing, and the touching of the thing symbol- 
ized: that is really what is at the bottom of tbe whole matter. It 
is plain common-sense, as all truth in the long-run is, only common 
sense clarifieJ. If you want a man to bc a tea-merchant, you don't 
tell him to reall books about China or about tea, but yon put him into 
a tea-mcrchant's office, where he has the handling, the smelling, and 
the tasting of tea. 'Vithout the bort of knowledge which can be 
gaineù only in this practical way, his exploits as a tea-merchant will 
soon comc to a bankrupt termination. The ,,; paper-philosophcl's " are 
under the delusion that physical science can be mastered as literary 
accomplishments are acquirell, but unfortunately it is not so. Yon 
Inay l'ead any quantity of books, and you may he almost as ignorant 
as you were at starting, if you don't have, at the back of your minds, 
the change for words ill definite images which can only be acquired 
through the operation of your ohserving faculties on the phenomena. 
of Nature. 
It may be said: "That is nIl very well, but you told us just now 
that there are probably something like a quarter of a million different 
kinds of li\
ing and extinct animals and plants, and a human lifc could 
not suffice for the examination of one-fiftieth part of all this." That 
is true, but then comes the great convenience of the way things arc 
arranged; which is, that, although thcrc are these immense numbers 
of difiercnt kinds of living things in existcnce, yet they arc built up, 
after all, upon marvelously few plans. 
There are, I suppose, about 100,000 species of insects, if not more, 
and yet anybody who knows onc insect-if a properly-choscn one- 
will be able to have a very fair conception of the structure of the 
whole. I Jo not mean to say he will know that structure thoroughly, 
or as well as it is desirable he should know it, but he will havc enough 
real knowledge to enable him to understanù what he reads, to have 
genuine images in his mind of those strncturcs which become so varia 
ously modified in all thc forms of insects he has not seen. In fact, 
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there are snch things as types of form among animals and vegetables, 
and for the pnrpose of getting a definite knowledge of what constitutes 
the leading modifications of animal and I)bnt life it is not needful 
to examine Inore th::m a cOffil)aratively small number of animals anù 
plants. 
Let me tell you what we ao in the biological laboratory in the 
building adjacent to this. There I lecture to a class of Ftudents daily 
for aùout four and a half months, and my class have, of course, their 
text-books; but the essential part of the whole teaching, and that 
which I regard as re
lly the most important p:.ut of it, is a laboratory 
for praetical work, which is simply a room with an the nlaterials ar- 
ranged for ordinary dissection. \Ye Ilayc tables vro!wrlyarra11grd 
ÌIl rf'gard to light, microscopes, and dissecting-instruments, and we 
work through the structure of a certai11 nnml)('r of animals and plants. 
As, for exmnple, among the plants we tal,-e a yeast-l>lant, a F'l'otococcus, 
a common mould, a Cltæra, a fern, and some flowering plant; among 
the animals, we examine such things as an amæba, a f....m.ticella, and 
a fresh-water polyp. \Y c dissect a f:tar-fi
h, an earth-worm, a snail, 
a squi(l, ana a fresh-water mu

d. ".... C l'xamine a lobster and a craw- 
fh:h, and a l)laek-beetlc. 'Ye go on to a common skate, a cOflfish, 3. 
frog, a tortoise, a pigeon, and a rabbit, and that takes us about 311 the 
time we ha\Te to give. The purpose of this conrse i
 not to mak
 
skilled clisspctors, bnt to give eyery student a clear and definite con- 
ception, hy means of sense-images, of the characteristic structure of 
each of the leading modifications of the anima] kingdom; and that is 
perfectly possible, hy going no further thall the length of that list of 
forms which I have enumerated. If a man.knows the structure of the 
animals I have mentioned, he has a clear and exact., howe\Ter limited, 
apprehension of tIlC essential features of the organization of all those 
great divisions of the animal and ypgetable kingdoms to which the 
forms I have mentioned severally belong. And it then becomes pos- 
sible for him to read with profit, because, every time be meets with 
the name of a strnctnre, he has a ddinite image in his mind of what 
the name means in the particular creature lw is reading about, and 
therefore the reading is not mere reading. It is not mere repetition 
of words; hut eyery term employed in the dpscription, we will say, 
of a hor
e or .of an elephant, will call up the image of the things he 
had seen in the rabhit, and he is able to form a distinct concelJtion of 
that which he has not seen as a nlodification of that which he bas 
seen. 
I find this systpm to yield excellent results, and I have no 11esita- 
tion whatever in saying that anyone who has gone through SUell a 
course attentively is in a bettpr position to form a conception of tbe 
great truths of biolog-y, especially of morphology (which is what we 
chiefly dea.l with), than if he had merely read all the books on tbat 
topic put together. 
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The connection of this discourse with the Loan Collection of Scien- 
tific Apparatns arise's ont of the exhibition in that collection of aill
 
to our laboratory-work. Such of you as have \"i
ited that very inter- 
esting collection may have noticed a series of diagrams and of prepa- 
rations illustl'ating the structure of a frog. Those diagrams ana prepa- 
rations have been made for the use of the students in the biological 
laboratory. Similar diagrams and preparations, illustrating the struct- 
ure of all the other forms of life we examine, are either made or in 
course of preparation. Thus the stuc1{'nt has before him, first, a pict- 
ure of the structure he ought to see; secondly, the structure itself 
worked out; and if, with these aids, and such needf111 explanations 
aud practical hints as a demonstrator can supply, he cannot make out 
the facts for himself in the materials supplied to him, he had better 
take to some othm' pursuit than that of biological science. 
I should have been glad to have saill a few word
 about the u
e 
of museums in the study of biology, but I see that my timc is becom- 
ing shgrt, and I have yet another question to answer. Nevértheles
, 
I lunst, at the risk of wearying you, say a word or two upon that im- 
pOl.tant suhject of lnusenms. "Tithout doubt, there are no helps to 
the study of biology, or rather to some branches of it, which m.e, or 
Inay be, more important than natural-history museums; but, in order 
to take this place in regard to hiology, they must he museums of the 
future. The museums of tll{' present do not do hy rrny means so much 
for us as they might do. I do not wish to particularize, hut I dare 
say many of yon seeking knowledge, or in the laudahle desire to em- 
ploy a holiday usefully, ha"e visited some great naturrrl-hi
tory mu- 
seum. Yon have walked through a quarter of a mile of animals well 
stuffed, with their long names written out underneath them; and, un- 
less your experience is "Very different from that of most people, the 
upshot of it all is that you leave that splenclid pile with sore feet, 
a bad headache, and a general idea th:11 the animal kingdom is a 
mighty maze without a plan. I do not think that a mu
eum which 
brings about this result has done all that may reasonably be expected 
of such an institution. 'Yhat is needed in a collection of natural his- 
tory is, that it should be made as accpssihle and as useful as ros
ihle 
on the one hand to the general public, anrl on the other to scientific 
workers. That need is not met by cons!'ructing a sort of happy hunt- 
ing-ground of mibs of glass case
, and, under the pretense of exl}ih- 
iting everything, putting the maximum amount of obstac1eR in the 
way of thoRe who wish properly to see anything. 
'Yhat the public want is easy and unhind{'red access to f'uch a col- 
lection as they can understand and rrppreciat<'; and what the men of 
science want is similar access to the mat\'l'ials of science. To this end 
the vast mass of ohjects of natural history 
hould he divided into two 
parts-one open to the public, the other to men of science, e\'ery day, 
and all day long. The former division should exemplify all the more 
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important and interesting forms of life. Explanatory tablets should 
be attached to them, aud catalogues, containing clearly-written expo. 
siLions of the general significance of the ohjects exhibited, should be 
provided. The latter divisiQIl should contain, packed into a compara- 
tively small space, the ohjects of purely scientific interest. For ex- 
3mple, we will say I am an ornithologi
t. I go to see a collection of 
l>ird
. Jt i::; a l)Û
iti\'e nui
ance to have them stuffed. It i8 not only 
Hheer waste, but I have to reckon with the ideas of thé l)ird-stufl:er, 
while, if I have the skin, and nobody has interfered with it, I can 
forIll my own judgment as to what the bin1 was Jike. For ornitho- 
logical purposes, what is neeùeù is not glass cases full of stutiË:.d birds 
on pl'rche:;, but eonvenient drawers into each of which a erreat q uan- 
, 
 
tity of skins will go. They occupy no great space, and do 1l0t l'equire 
any expenditure Leyon<1 their original cost. But, for the purpose of 
the puùlic, who want to learn, indeed, but do not ::iepk for minute and 
technicaJ knowledge, the case is ditierent. "That one of tIll' gen<>ral 
puh]ic, walking into a collection of birds, de
ires to Fee, is not all the 
Lirùs that can be g ot to(Tether. he does not want to com p are a hun- 

 , 
dred bpecies of the sparrow-tribe side by 
ide; but he wishes to know 
what a hinl is, and what are the great modifications of 1)ird-structure; 
and to be alle to get at that knowledge eaF-ily. ""hat will best serye 
Ilis pnrpose is a comparatively !:;mall nnmher of birds, carefully se- 
lected, and artistícdly as well as accurately set up, with their difl'er- 
cnt ages, their nests, their young, their eggs, and theil' skeletons, siùe 
l)y sid", and, in accordance with tIle admirahle plan which iR punmed 
in this museum, a tablet, telling the spectator, ill legible clmracters, 
what they are and what they meau. For the instruction and ref'l't:3- 
tion of the public, such a typical collection would be of far grl'atl'r 
yalne than any many-acred imitation of K oall's ark. 
La.stly comes the question as to when biological study may bcst 
be pursued. I do not see any valid reason why it should not be 
made, to a certain extent, a part of ordinary school-training. I have 
long- ad \.ocated this vipw, and I am perfectly certain that it can be 
carried out with ease, and not only with ease, but with yery consider- 
able profit to those who are taught; bnt then ::mch im
truction must 
be adapted to the minòs and needs of the scholars. They used to 
have a very odd way of teaching the classical languages when I waR 
a boy. The first task set you was to learn the rules of the Latin 
grammar in the Latin language-that being the language you were 
going to learn. I thougl}t then t113t this was an odd way of learning 
a language, hut did not venture to rebel against the judgment of my 
supel'iorf'. Now, perhaps, I am not so modest as I was then, and I 
allow IllY self to think it was a very absurd fashion. But it would be 
no less absurd if we were to set about teaching biology by putting 
into the hands of hoys a series of definitions of the classes and orders 
of the animal kingdom, and making them repeat them by heart. 
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That is a yery favorite metho<1 of teaching, so that I sometimes fancy 
the spirit of the old classical system hns entered illto the new sciell- 
tific system, in which ca
e I would rnnch rather that any IHetense at 
scientific teaching were abolished altogether. \Yhat really has to 1,e 
done is to get into the young mind some notion of what animal and 
vegetahle life is. You have to consider in this matter practical con- 
venience as well as other things. There are difficulties in the 'way of 
a lot of boys Inaking messes with slugs and snails; it might not 
work ill practict-'. But there is a yery convenient and handy animaL 
which everybody has at ])and, and that is himself; and it iH a very 
easy and simple matter to obtain common plants. Hence, the broader 
facts of anatomy and physiology can be taught to young people in a very 
real fashion hy dealing with the broad facts of human structure, su('1l 
as hearts, lungs, and livers. Such viscera as they cannot very well ex- 
amine in themselves may be obtained from the nearest butcher's shop. 
In respect to teaching them something about the hiology of plants, there 
is no practical difficulty, because almost any of the common plants 
will do, and plants do not make a mt'ss-at least they do not make all 
unpleasant mess; so that, in my judgment, the best form of biology 
for teaching to very young people is elementary human physiology on 
the one hand, and the clements of botany on the other; beyond that 
I do not think it will be feasible to advance fOl' some time to come. 
But then I see no reason why in secondary c;;chools, and in the science 
classes, which are under the control of the 
cience and Art Del)n.rt- 
ment-antl which, I may say, in passing, have, in my judgment, done 
so very mlleh fot' the diffusion of a knowledge oyer the country-I 
think that, in those cases, we may go further, and we may hope to 
see instruction in the elements of biology carried out, not, pm'hapR, 
to the same extent, but still upon somewhat the same principle, as we 
do here. There is no difficulty, when you have to deal with students 
of the ages of fifteen or sixteen, in practising a little dissection and 
getting a notion, at any.rate, of the four or fiye great modifications 
of the animal form, and the like is true in regn.nl to plant
. 
\Yhifp, lastly, to all those who are studying ùiological science 
with a view to their own edification, or with the intention of becom- 
ing zoülogists or bot:lnists; to all those who intend to pursne physi- 
ologY-:llHl especially to those who propose to employ the working 
years of their lives in the practice of me<1icine-I say that there is no 
training so fitted, or which may be of such important seryice to them, 
as the thOI:ough c1isc!pline in practical hiological work wbid) I have 
sketched out as being pursued in the lahoratory hn.rd by. 
I may add that, beyond all these òifferent classes of persons who 
may profit hy the stucJy of biology, there is 
'et onp other. I remem- 
ber, a number of years ago, that a gentleman who was a vehement 
opponent of 3Ir, Darwin's views, and haa written some terrihle articles 
against them, applied to me to know what wa
 the best way in which 
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he could acquaint himself with the strongest argnments in favor of 
evolution. 1 wrote back in all good faith and simpHeity, recommend- 
ing him to go tlll'ough a course of comparative anatomy and physi- 
ology, and then to stuùy de\.elu-pment. I am sorry to say he was 
\Tery mnC
l diHpleased, as people often are with good aù vice. N ot- 
withstanding this discouraging result, I venture, as a parting word, 
to repeat the suggestion, and to say to all the more or less acute 
lay and clerical" paper-philosophers" I who yenture into the regions 
of biological controversy-Get a little sound, thorough, IJr:1ctical, 
elementary instruction in biology. 


- ....... - 


IIO,Y TIlE EARTII 'V.l\.S REGARDED IN OLD TI:1IES.!l 


FRO
I TIlE FUENCH OF FLAMl\IARION. 


W E are too apt in these times of popular education, and the cheap 
ùiffusion of knowledge, to forget the cost of seÏentific truth. 
We formulate a fact or principle, and administer it in the school-room, 
with but little regard to the circumstance tlwt it may llave cost 
thousan(ls of years of toil to discover and establish it. 'Ye have 
found out, for example, a great deal about the figure, motions, and 
astronomical relations of the earth, with such exactness that, as Prof. 
Young tells u
, we know the femi-diameter of our globe at the 
equatol' within two hundred feet-while to go "around tbe world" 
iR now a mere frolic; and all this knowledge is gh'en to children in 
an honr'
 lef;son. TIut bow few appreciate the long struggle of tIle 
human iutellect in arriving at theRe simple results! I
et us hastily 
glance at the early efforts uf the human mind in trying to find out 
what sort of thing this earth is, in its form: extent, and relation to 
the hl'a\'enly lwdies that surround it. 
The history of the g-rowth of any In'anch of knowledge has a 
douhle interest: that which comes from the knowledge itseJf, and its 
relation to the history of the operations of tlw human mind. l\Ien 
think under the limitations of their tinll's both as regards the extent 
1 'Vriters of this stamp are fond of talking about the llaconian method. T beg them, 
therefore, to lay to heart the!'c two weighty sayings of the herald of :Modern Science: 
" Syllogismus ex propositionibus constat, propositi ones ex verbis, verba notionum tes- 
seræ sunt. Itaque si notiones ipsæ (id quod basis rf'i est) confusæ sint et temere a rebus 
abstractæ, nihil in iis quæ superstruuntur cst firmitudinis."-(" Xovum Organon," ii., 14.) 
"I1uie autem vanitati nonnuUi ex modernis summa levitate ita indulserunt, ut in 
primo capitulo Genesco!': et in libro Job et aliis scripturis sacri
, philosophiam naturalem 
fundare eonati sint; inter vivos quæ1"entc.'1 mortua."-(1bid., 65.) - 
2 The cuts of this article are from Flammarion's " IIistory of the Heavens," and we 
. have made free use of the text of Blake's" Astronomical Myths," which is based on 
Flammarion's work. 
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of knowleùge and thc intellectual processes to which they are habitu- 
ated. They reason as they c[
n on such materiab as they }WV('. If 
they have not learned to où
erve, they come to conclmÚom; without 
ob::;ervations. If they do not know that there are 
uch thiugs as làw
 
of Nature, their inquiries are not directed tv find them. If they 
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FIG. I.-THE EARTH FLOATI
G. 


think that the minù is the measure of Kature, they will SC3.rch in 
their own reflections for the explanations of X ature; and when they 
have got out plausihle r('sult
, or which agree with logic, they will im- 
pose their conelusions upon X ature as if they represented the truth. 
The human mind is essentially active and will make theories; and the 


FIG. 2.-THE EARTH WITH ROOTS. 


less its knowledge the feehler are the restraints of reason and the 
boldct. the spirit of speculation. 'Ye must tl1ereforc expect that, in 
regard to the knowledge of the earth when nothing was actually 
known about it in early time
, there 111Ust have bcen an enormous 
amount of {'rude conjectul"<.
, futile reasoning, and absurd fancy, or 
rather much that so appears to us now, although it mar have been 
put forth at first :1S soher and hone
t belief. 
Aristotle, who Ii vetI in the fourth century ll. c., and stnllied K a- 
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ture with great earnestness and assiduity, held many views concern- 
ing the earth that were very reasonahle for his time. Yet, in the ab- 
sence of facts, nothing was left for hinl but to rely upon logic. He 
bad certain ideas of wlmt is natural and what is perfect, and from 
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FIG. 3.-THE EARTH OF THE VEDA PRIESTS. 


these he reasoned as to what must be and therefore what is. To the 
question whether the earth turns or the heavens turn, he replies that 
the earth is evidently in rppose, not only because we see it to be so, 
but hecause it is a necessity tha.t it should be, that is, because repose 
is natural to the earth. If it be asked why the stars must move around 


FIG. 4.-;- TUE Hnmoo EARTH. 


the earth, he replies, it is natural that they 
lwnla, because a circle is 
the most l'('rfect line, l)('cause it has no ends, and it must therefore 
be de8cribe>d by the> pe>rfect stars. That the eart h iR the centre of the 
uni \'erse, and is at rest, is furthermore proyed hy .i\ ristotle from theo- 
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logical considerations: thus, everything which performs any act has 
been made for the purpose of that act. N ow, the work of God is im- 
mortality, from which it follows that all that is divine must have an 
eternal motion. The heavens have a divine quality, and for this rea- 
son they have a spherical 6hape and move eternally in a circle. Now, 


FIG. 5.-AKAXIMANDER'S CYLINDRICAL EARTH. 


wl]en a body has a circular motion, one part of it must remain at rest 
in the centre; the earth is in the centre, and therefore motionless. 
Aristotle, however, entertained many sensible views regarding the 
earth which were of course greatly" in advance of his times," and, 
among others, that the earth was 
pherical, for which he offered rea- 
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FIG. 6,-PLATO'S CUBICAL EARTH. 


sons that are valid now. But how it could remain suspended in one 
place without any foundation to rest upon, J-mzzled him. 
Among the various causes which in the absence of facts deter- 
mined men's geographical opinions, one was the patriotic sentiment 
by which ignorant people were led to magnify their native country. 
.J.L\.ccording to the prepossessions of race, each one thought his own 
country to be located at the centre of the earth. Thus the Hin- 
doos, who li \"ed near the equatOl', and the Scandinayians, who lived 
nearer the pole, apply each a term to their own country which means 
VOL. x.-35 
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"the central habitation." The Greeks made Olympus the centre; the 
Egyptians, Thebes; the Assyrians, Babylon; the Hebrews, Jerusa- 
lem; while the Chinese always called their country the central empire. 
This is natural enough (as Aristotle would say), because most l)eople 
regarÜ their neighborhood as the centre of the universe, and the num- 
her of central railroads shows the continued force of this geometric 
idea. 
One of the most primitive ideas concerning the earth represented 
it as a vast plain or flat island, surrounded on an sides by an inacces- 
sible and interminable ocean. At the extremities and around the bor- 
ders were placed the" fortunate isles," or imaginary regions, peopled 
hy giants, pygmies, and extraordinary beings. The circumscribing 
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FIG. 7.-EGYPTIAN REPRESENTATION OF THE HEAVENS AND EARTH. 


water surrounding the irregular outJines of tbe ]and led to the idea of 
a univer
al ocean. But, when men began to have experience of the 
sea by early navigation, the idea of a circular horizon always obsen-ed 
led to the notion that the ocean was bounded, ana the whole earth 
came to be represented as contained in a circle, beneath which were 
.roots reaching downward without end. 
The priests of Y' eda, the scriptures of Buddhism, asserted that the 
earth was RUl)ported on twelve columns, which they very ingeniously 
turned to their own account by asserting that these columns were sus- 
tained by virtue of the sacrifices that were made to the gods, so that 
if these were not made the earth would co]lapse. 
"These pillars were invented in or.Jer to account for the pa
s.ing 
of the sun l)eneath the earth after his 
('ttillg, for which at first they 
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were obliged to imag'ine a system of tunnels that gradually became 
enlarged to the intervals between the pillars." 
The Ilindoos held the earth to be hemispherical, and to be sup- 
ported like a boat turned upside down upon the heads of four el
- 
phants, which stood on the back of an immense tortoise. It is usually 
said that the tortoise rested on nothing, but the lIindoos maintained 
that it floated on the surface of the universal ocean. The learned 
llindoos, howcver, say that these animals were merely symbolical, 
the four elephants meaning the four directiolls of the compass, and 
the tortoise meaning eternity. The idea that the earth floated long 
prevailed, and was adopted by Thales, the early Greek philosop})er, 
and by 
eneca scveral centuries later. 
Anaximander, a philosopher of the sixth century before Christ, 
represented the earth as a cylinder, the upper face alone of which is 
inhabited. I
e computed its proportions, and stated that it is one- 
third as high as its diameter; and he declared that it floats freely in 


FIG. S.-THE EARTH OF THE LATER GREEi
S. 


the centre of the celestial vault, because there is no reason why it 
should move to one side rather than to the other. Lencippus, De- 
mocritus, IIeraclitus, and Anaxagoras, all agreed with him, and Anax- 
imcnes added the opinion, in consequence of the importance of air in 
the world, that the earth is supported on compressed air. 
Plato was a mathematician, and excogitated the univer:.:e out of 
the depths of his geometrical consciousnesA. In explaining how 
dungs camc about, he said that mattcr in itself had no form or proper- 
ties, but God in the beginning invpsted it with a sort of triangular 
constitution. Afterward, taking a certain number of these primitive 
triangles, be composed the four primary element
. Fire, the most 
subtilc, is made up of the smallest number of triangles, and has the 
figure of a pyramid. 'Vater-particles are solids of twenty 
aces, 
while the earth-element is cubical or bounded by right-angled tri- 
angles. The cubc with its six equal faces appeared to Plato to 1)(' 
the most perfect of soli(l
, and therefore most suitable for the earth, 
which was to stand in the centre of the universe. 
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IIow the earth is supported was e\
er a perplexing qnestion 
among ignorant nations. Thus, in the opinion of the old Greelllanà- 
en
, as handed down from antiquity, the earth i8 upheld by pil1a:rs, 
which are so consumed by time that they often crack, and, were it not 
that they are sustained by the incantations of the magicians, the earth 
would long since have broken down. 
It is hardly possible for us now to enter into that gross anthropo- 
lnorphic state of mind by which, in primitive. times, the phenOlnena 
of the universe were all represented in terms of human per
ona1ity; 
nor can we even say how literally such views were held. But cer- 
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tainly some of the representations are ìunny and fantastic. Thus, 
"an ancient Egyptian papyrus in thf' Library of Paris gives a very 
curious hierog]yphical representation of the ulliver
e. The em'th is 
hero imaged under the form of a reclining figure, and is covel'ed with 
leayes. The heavens are personified by a goddess, who forms tho 
vault by her star-bespangled body, which is elongated in a very pe- 
culiar manner. Two boats, carrying one the rising sun ancl the other 
the setting sun, are represented as moving along the heavens oyer the 
body of the goddess. In the centre of the picture is the god ::\Iaon, 
a divine intelligence, which presides over the equilibrium of tl
e uni- 
verse." 
Strabo, one of the greatest geogral)}1ers of antiquity-born A. D. 
19-held to the spherici t y of the earth, but of cour
e regarded it as 
the motionless centre of the universo. He considered the moon and 
stars as only meteors, nourished by the exhalations of the ocean, and 
firmly maintained that. no part of the earth can he inha
ited saye 
that which was known to the ancients. The form of the habitable 
world he held to be like that of a cloak, measuring in length from 
east to west 70,000 stadia (about 8,000 miles), while its breadth is 
less than 30,000 stadia (3,600 mile
). It is bounded by regions un in- 
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hahitable, on the one side from exce:;:sive heat ana on the other from 
excessive cold. "The }}abit.able world was thus much longer from 
east to west than it was broad from north to south: whence come our 
terms longitude, whose degrees are counted in the former direction, 
and latitude, reckoned in the latter direction." 
In the fifth, sixth, and seventh centurics of the Christian era sci- 
ence made little progress in any direction, and, in regard to the ideas 
of tbe earth, the fathers of the Church contented themselves with 
pouring out their invective upon the idea that it is a globe, employ- 
ing Scriptural reasons, which continued to be used even in tbe fifteenth 
century by the monks of Salam
nca. In the year A. D. 535, Cosmas, 
surnamecl Indicople1.lstes, after his voyage to India, wrote a work cn- 
titled" Christian Topography," in which he propounded the system 
of a square earth, with solid walls for supporting the heavens. lIe 
undertook to hring the opinions of the fathers into a methodical 
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FIG. to.-THE EARTH A
D FIRMAMENT. 


shape, and to explain the heavens and the earth in accordance with 
Scripture. 'Ye quote 
I. Flammarion's description of his system: 
"According to Cosmas and }]is map of the worM, the habitable earth is 11 
plane surface. But, instead of being supposed, as in the time of Thales, to bt' 
a disk, he represented it in the form of a paraHelog-rati1, whose long sides are 
twice the shorter ones, so that man is on the earth like a bird in a cage. This 
parallelogram is surrounded by the ocean, which breaks in in four great gulfs, 
namely, the Mediterranean and Caspian Seas, and the Persian and Arabian 
Gulfs. 
"Beyond the ocean in every direction there exists another continent, which 
cannot be reached by man, but of which one part was once inhabited by him 
before the deluge. To the last, just as in other maps of the world and in later 
systems, he placed the Terrestrial Paradise and the fonr rivers that watered 
Eden, which come by subterranean channels to water the post-dilnviaD earth. 
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" After the fall, Adam was driven from paradise, but he and his descendants 
remained on the coa::;ts until the deluge carried the ark of Noah to our pre'ìent 
earth. 
" On the four outsides of the earth rise four perpendicular walls which sur- 
round it and join together at the top in a vault, the heavens forming the cupola 
of this singular edifice. 
"The world according to Çosmas was, therefore, a large oblong box, and it 
was divided into two parts. 'The first, the abode of men, reaches from the earth 


FIG. H.-TIlE EARTH AS .AN EGG. 


to the firmament, above which the stars accomplish their revolutions; there 
dwell the angels, who cannot go any higher. The second reaches upward from 
the firmament to the upper vault, which crowns and terminates the world. On 
this firmament rest the waters of the heavens. 
" Cosmas justifies this system by declaring that, according to the doctrine of 
the fathers and the commcntators on the Bible, the earth hus tIle form of the 
tabernacle that Moses erected in the desert; which was like an oblong box, 
twice as long as broad. But we may find other similarities-for this land be- 
yond the ocean recalls the Atlantic of the ancients, and the Mohammedans, and 
Orientals in general, say that the earth is surrounded by a high mountain, which 
is a similar idea to the walls of Cosmas. 
"God, he says, in creating the eart11, rested it on nothing. The earth is, 
therefore, sustained by the power of God, creator of all things, supporting all 
things by the word of bis power. If below the earth or outside of it anJtl1ing 
existed, it would fall of its own accord. So God made the earth the base of 
the universe, and ordained that it should sustain itself by its own proper 
gravity. " 
Cosmas says that the earth, a sort of great square box circum- 
scrihed on all sides by high walls, is divided into three parts: first, the 
habitable earth, which occupies the middle; secondly, the ocean, which 
surrounds this on all sides; and, thirdly, another dry land, which sur- 
rounds the ocean, terminated itself by these Jligh walls, on which the 
firmament rests. The habitable earth is always J)igher as we go 
north, and the southern countries much lower, so that the Tigri
 and 
the Euphrates, which run south, are more rapid t!wn the Nile, w}1Ïch 
runs northward. The sun, moon, })lanets, and comets, all set behind 
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a large conical mountain; and accordingly as the sun disappears and 
emerges at points higher or lower is the varying length of day.:mll 
night. On his view the stars were impelled by angels, who either 
carrieù theln on their shoulder
, rolled them ill front of them, or drew 
theln bdlind, it bcing remarkeù that" each angel that pushes a star 
takes great care to ob:,erve what the others are doing, so that the 
relative distances between the stars may always remain what they 
ought to be." 
... The learned Belle, known as the 'T enprable, who lived in tht' eighth 
century, regarded the earth as formeù upon the model of an egg. 
lIe says: 
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FIG. 12.-THE EARTH AS A FLOATING EGG. 


" The .earth is an element placed in the middle of the world,- as the yolk is in 
the middle of an egg; around it is the water, like the white surrounding the 
yolk; oubide that is the air, like the membrane of the egg; -and round all is the 
tire, whiëh close
 it in as the shell does. The earth, being thus in the centre. 
receives every weight upon itself; and, though by its nature it is cold and dry in 
its different parts, it acquires, accidentally, different qualities; for the portion 
which is exposed to the torrid action of the air is burned by the sun, and is un- 
inhabitable; its two extremities are too cold to be inhabited; but the portion 
that lies in the temperate region of the atmosphere is habitable. The ocean, 
which surrounds it by its waves as far as the horizon, divides it into two parts, 
the upper of which is inhabited by us, while the lower is inhabited by our an- 
tipodes; although not one of them can come to us, nor one of us to them." 
It is said that a great nnml)cr of tlw maps of the world, at the 
period of TIede, fo11owed this idea, althol1g'h the nccc
sity was per- 
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ceived that the great earth-egg should not he left without some kind 
of support. To meet this requirement Edrisi, an Arabian geographer 
Qf the eleventh century, broached the idea that the earth is like an 
egg, with one-half plunged in water. According to him, the known 
world forms only a single half of the egg, which floats in the great 
ocean . like an egg in a basin. This notion got currency with artists 
and nUlp-makers, and continued, it is said, as a mode of representing 
the earth for many centuries. 


FIG. 13.-EIGIlTII-CENTURY MAP 'OF TIlE 'VORLD. 


"In 3. manu
ript commentary on the Apocalypse, which is in the library 
of Turin, is a very curious chart, referred to the tenth, Lut belonging possibly to 
the eighfl century. It represents the earth as a circular planisphere. The four 
sides of the earth are each accompanied by a figure of a wind, as a horse on a 
bellows, from wMch air is poured out, as well as from a shell in his mouth. 

\.bove, or to the east, are Adam and Eve, with the serpent. To their right is 
Asia, with two very elevated mountains-Cappadocia and Caucasus. Thence 
comes the river Eusis, and the sea into which it falls forms an arm of the 
ocean which surrounds the earth. This arm joins the Mediterranean, and sepa- 
rates Europe from Asia. Toward the middle is Jerusalem, with two curious 
arms of the sea running past it; while to the south there is a long and straight 
sea in an east and west direction. The various islands of tl)e :Mediterranean are 
put in a square patch, and Rome, France, and Germany, are indicated, whilE' 
Thula, Britannia. and Scotia, are marked as islands in the northwest of tile ocean 
tbat surrounds the whole world." 
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And so the history goes on, geographical facts being mingled with 
fable, superstition, ancient mythology, and modern theology, until the 
era of maritime discovery, inaugurated by adventurers like Columhus, 
w'ho discovered a Hew continent, and l\lagalhaens, who first drcum- 
navigated the glohe. From th3.t period the advance of geographical 
kllowledgp has been in a great measure freed from the emharrassments 
of superstition, and has been steady alHl rapid in all the various fields 
of exploration. 


... 
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FROM Jt.ï)GE DALY'S ADDRESS. 


F RO:\! the mode of regarding the earth entertainetl in old times. 
let us now pass to the modern method, and what has been accom- 
plished by geographical investigation in a single )'ear. :K 0 better 
illustration can be found of tll(' great change which science has 
wrought in the mental habits of man than the contrast between the 
empty speculations of the olden time, and the immem;e mal positive 
results of observation and explorat.ion by which onr geographical 
knowledge has been augmented, in even a Ringle year. Judge Daly's 
annual réswné of the previons year's work in geographical inquiry, 
gÏ\-en 1)e[ore the society of whích he is president, is so careful, so 
trnstworthy, and so complete, that it is looked for with eagerness 
by many reader
. By his kind permission, ,ve avail ourselves of the 
discourse, condensing some parts and quoting others. Those who do 
110t like this mangling of an author's work had better get the dis- 
course in its full text, which will be issued in pamphlet form. 
'Ve are informed that the past year has been marked, not only by 
investigations and discourses, but by the estahlishment of scveral new 
geographieal societies, and a large increase in the mem1)ership of the 
old. IIaving their origin in the" Society of the Argonauts" founded 
in Venice in 1688, there are no\V thirty-eight such societies in exist- 
ence. Physical geography, to which I shall first refer, is a line of 
inquiry in which there has been great acthity during the past year, 
as shown by the nunlber of works that have been published, and the 
papers that have been read upon the various branches of this gr('at 
subject. 
"At a meeting of the British ..Lïssociation at Glasgow, la
t Septem- 
ber, Sir 'Villianl Thomson considered the suhject of the interior of 
the earth. lIe said that the g-reatest d('pth that IUlfl been reached in 
observations of underground temperature was scarcely one kilometre 
1 ('8nden
ed from the annual address of Chief-Jl1
tice Charles P. Daly, Presiùent of 
the Amerie,tIl Geographical Society, delivereù January, 1877. 
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(which is less than a mile); that, whatever might be the age of the 
earth, we might be sure that it was so1id.in the interior-not through 
its whole volume, as there were spaces in volcanic regions occupin1 
by liquid lava, but that this })Ürtion was small in comlmrison to the 
whole-and that any geological hypothesis must be rl:jected which 
assumes that the earth is a shell resting on a liquid ma
s. 1-Ie a1so 
considered the question, first, of the accuracy of the earth as a time- 
keeper; and, second, the })ennanence of its axes of rotation. Since the 
first known observation of au eclipse of the moon at Babylon, on tl1C 
19th of J\Iarch, 721 B. c., the earth has lost a portion of its velocity, 
and is now, as a timekeeper, going slower; and his observation upon 
the question of the earth's axis was, in effect, that if causes existed 
adequate to produce a change in the position of the axis l)y the up- 
hëaving of the surface, or otherwise, the result, even if sudde}], would 
not be very great, or proJuce auy extraordinary effect. J\Iany impor- 
tant obser\'ations were Inade, at the same meeting, U})OU the tides, 
ocean tenlperature, aud currents, and npon the })llysical geogra},hy of 
the sea, founded upon the results of the voyage of the Challenger." 
Of this expedition Sir 'Vyville Thomson has given the general 
results. The superficial area of the world is 197,000,000 Rquare IniIes, 
of which 140,000,000 are cot"ered hy the sea at an average depth of 
15,000 feet. 'The floor of this region is, to a certain degree, compar- 
able to the land. It has its hills, ,.alleys, and great l)lains; its yari- 
ous soils; its climates, and its special races of inhabitants, depending 
on the conditions of climate and soil for their distribution. 
"The vessel departed from England in Dcc(lHI)('r, 1872. She 
cros:o;ed the .Atlantic four times in 1873, in a conrse of nearly 20,000 
miles. In 1874 she went southward from the Cape of Good Hope, dip- 
ping within the antarctic circle as far as she could, and then tJ.avf'rsed 
the .Australian and New Zealand seas aud the interior of the l\IaJay 
.Archipelago, arriving at IIong-l\:ong on N oyember 10, 1874, after a 
run in that rear of 17,000 miles. In 1875 Rhe traverst.d the Pacific, in 
a course of about 20,000 miles, and then crossed the Atlantic for tlw 
fifth time, reaching }
ngland J\fay 24, 1876. TIw three general results 
arc-I. The knowledge obtained of the contour of the l)ottom, and 
the nature of the deposits now being formed. 2. The distribution of 
deep-sea. climate. 3. The nature and distribution of the T,ecuJiar race 
of animals now found at tbe bottom of the 
pa. In the Pacific there 
is an enormons extension of water of great depth-in many cases 
heyond 18,000 feet. In tIIe North Atlantic the greater portion has a 
depth of 12,000 feet; and in the South Atlantic, on each side of what 
is known as the Dolphin rise. t.here are tron
hs usnally 18,000 feet 
deep, which form marked (ll>pressions rougl\ly T,arallel with the arc 
of the Sonth American and African Continents. The whole bottom of 
the sea is graòually receiving accumulations, gh'ing rise to formations 
which must be regarded as the rocks of the future. The débl'is of 
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the land was found to be carried out into the sea some hundreds of 
n1iles, and clays were being formed, mixed up with the déln'is of ani- 
mals. 'Vithin a certain distance of the land the deposits, to a great 
extent, were formed of this material. Over a great part of the North 
Atlantic there is being- deposited the Globi[Jerina ooze-coID})osed, 
principally, of small chambered shells, extremely minute; and these 
shells were found in enormous quantities. This deposit is almost 
entirely of carbonate of lime, and the only rock it could form would 
be limestone; therefore, oyer a large part of the North Atlantic, and 
over many other parts of the world, this limestone is being laiù 
down." These creatures live at and nè.ar the surface, and thence the 
whole of this sort of material at the bottom is derived. "It might be 
supposed that this formation ought to be as universal as is the distri- 
bution of these animals on the surface. Singularly enough, this is net 
the case. At the depth of 12,000 feet the shells become rotten and 
yellow; at 13,000 feet there are no shel1s, and the bottom is one of 
homogeneous red mud, which, instead of consisting of carbonate of 
lime, is ordinary clay. I may here interpolate a fact to show how 
abundant animal life is at or very near the surface of the oceau. The 
steamer Great Eastern was lately in dock at l\Iilforù Ilayen for the 
examination of her bottom, which had not. bcen scraped since 1867. 
Her bottom was found covered with an enormous multitude of musseI
, 
clustered together in one dense and continuous deposit, exteuding 
over 52,000 square feet, and which, upon a calculation made, amounted 
to not less than tltree hundred tons' weight, or enough to loaù with a 
full cargo two on1inary collier brigs. 
"Another curious fact observed in the voyage of the Chal1enger 
was, that all over the bottom of the sea there is a large quantity of 
pumice, showing that there are volcanoes, either helow the water or 
otherwise, that are constantly throwing out material. This pumice, 
which is the froth of lava, is frequently so light as to float on the water, 
anù wherevcr they were, in any part of the world, they saw it moved 
ahout hy the current over the surface of the sea. They found living 
ill the spa, on the surface, or just below, a great quantity of beautiful 
organisms called Radiolarians. They increase with tIle depth, ana 
many occur at great depths tha.t are not fonnd on the surface at all. 
The impression formed was tl1at they lived all through the sea, and 
down to the greatest depths. 
"The whole bottonl of the Pacifir, or the grp:1ter part of it, is reL1 
clay. The temperature of the ocean at 13,000 feet is very low. It is 
wmally but a little above the freezing-point at tbe bottom of the Pa- 
cific and the Atlantic, and pOl.ti
ns of the Southern Sea. The general 
temperature g-radually falls from the surface until the depth of 1
,000 
feet, below which there is, throughout the sea, a uniform temperature 
of 37 0 or 34 0 , or a little below the freezing-point. The question arose, 
'Vhence does the ocean deri\'e this low :11'](1 uniform temperature? It 
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is a question of great difficulty; and the conjectnr
 made is, that it is 
an inflow of the cold water from the va8t area of the antarctic." 
The geographical work of the U niteù States has been more limited 
than usual, owing to delay and smallness of appropriations. The 
Coast Survey continues its work: in the Gulf of :l\1exico careful sound- 
ings have been made, and observations on the temperature of the 
water and the flow of currents, which will throw light on the Gulf 
Stream. Triangulations were pushed ea
t warù from the Pacific Coast 
Range to the Sierra Nevada, some of tlle triangles obserYfd having 
sides over 150 miles long; a series of telegraIJhic determinations of 
longitude have been made for the purpose of correcting our charts of 
the 'Vest India Islands, one })oillt at least havillg been located on 
each island. Triangulation along Lakes Ontario, Erie, and :Michigan, 
-has been continued, the topography of Niagara Hher completed, 
many points determined for the State surv('y of l\lichigan, and the ele- 
vation of the Great Lakes newly dete}'mined. Luke Ontario is found 
to be 247.25 f('et and Lake Erie 573.58 feet above meau tide at 1\ ew 
York. Heports of geographical and topographical work in 
lontana, 
the Yellowstone Park, Southern Colorado, Northern N ew 
lexico, 
and Arizona, have been issued. The geographical surveys west of 
the 100th meridian, under I.JÍeutenant 'Vheeler, have been continued. 
About 25,000 square miles were traversed by the various parties. 
Some interesting Spanish mines were found in New l\h'xico. ..A sur- 
vey was carried on in tlle neighborhood of Lake Tahoe, in California. 
The de})th t)f the lake was found to exceed 2,200 feet. The examina- 
tion of the Colorado Hher, with reference to determining tIle practi- 
cabi1ity of diverting it from its channel to irrigate the deserts of 
Southeastern California, has been completed. The lowest I)art of the 
desert is 200 feet below the 8ea, and it was found tl13t an area of 1,600 
square miles could be flooded; but constantly-shifting sands would 
make it a continual expense, and the evaporation from t he 
urfact
 of 
such a lake woulll exceed the water flowing in the Colorado in a dry 
se3son. Thirteen atlas sheets of Lieutenant 'Y heeler's survey lwve 
been issued; they are upon a scale of eight miles to the inch, and coyer 
a large part of "N eyaela, Utah, Arizonn, New :Mexico, and Colorado. 
The survey of tIw Territories under Profs. IIa)'den and PoweU was 
carried on, and much has been learned of the rcgion embracing Colo- 
rado, Utah, and Southeastern X eyada. A tri:mgulation party climbed 
and measured Blanco Peak, ncar Fort Garland, in Colorado, which, if 
not the highest, is next to the highest peak in the Rocky l\fonntains. 
It is 14,464 feet high. Over fifty of the most elevated peaks in that 
range are in the State of Colorado, running ii'om 14,000 to 14,500 feet, 
so close that the utmost care has been required to determine which is 
the highest. 
Eastern Utah was surveyed from the Colorado River to and over 
the 'V ahsatch 
Iountains between parallels 38 0 and 30 0 15'. The region 
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IS clwHlCterized by great plateaus bounded by lines of cliffs from 1,000 
to 2,000 feet in height, varyiug from 20 to 200 miles in length, the 
whole intersected with a network of deep and narrow caîíons, prc
ent- 
iug nearly impassable barriers. Of one section of about 7,000 bquare 
miles, only a.bout one })(>1' cent. is available for agriculture; about five 
per cent. is covered by })ine and spruce, the remainder being a desert 
waste. There are large quantities of excellent coal, but no precious 
metals were discovered. The average elevation of this region is about 
7,000 feet. Another section in Southwestern Utah and Southeastern 
Nevada of about 4,000 square miles was found one of the most barren 
regions of the whole Great Basin. It is marked by ranges rising to 
9,000 feet, with broad desert valleys between. Little timùer-land or 
htnll fit for- cultivation was found, th
 pasturage being of the poorest 
quality. The climate is milder than that of Eastern Utah, anù very 
dry, the annual rainfall not exceeding four inches. "There is 110 coal 
in this region, but it is known to contain large amounts of silver. 
The weB-develope(1 mining district of Pioche was within the region 
examined, and also a newly-organized district at Leeds, on the .VIrgin 
H,iver, Utah, where Rilver, instead of occurring in veins, is dissemi- 
nated in the form of horn-::Ülver, through a stratnm of sanùstone be- 
longing to the .J ura Trias. Between 4,000 and 5,000 llll'n Lave gath- 
ered at this 1a
t-named district (Leeds) within the past few months." 
Extensive collections have been made illustrative of tl)(' arts and 
industries of the Inùian tribes, elnbraeing totemic carvings, stone 
implements, clothing, ornaments, furniture, and manufactures, of the 
Puehlo race; heraldic columns from Vancouver's Island, of painted 
w'ood from 25 to 40 feet high, erected in front of their dwellings, 
which arc communal, holding from 100 to 300 people. These hons
s 
are made from slabs rived out of great trpe-trunks with wooden 
wedges and stone mallets. Canoes were obtained 60 feet in length, 
dug from single logs; many tons of ancient stone implements, said to 
surpass in beauty of finish any ahoriginal remains of like nature 
hitherto discovered, together with pottery, have been forwarded to 
the Smithsonian Institution from Southern Californin. The U nit<>d 
States Signal f:;en.ice Corps" is making J"npil1 advances toward a com- 
plete know ledge of the conditions and causes of the American climate. 
They have ncarly completed the mo:;;t extensive collection of altitudes 
of places in X orth _\merica which has ever been gathered. The list 
includes sevcral thousand profiles, representing almost every railroad 
and canal. From this and other data they are making a relief model 
of Korth America on a large scale. A telegraph-line has been nui1t 
by them from Central Texas across the Llano Estacado, t hat dreaded 
waterless descrt, and one across the high and arid plateaus and 
ranges of Southern K ew :Mexico and Arizona to San Di(.go, on the Pa- 
cific. This gives an unbroken line from Savannah along the southern 
horller of thc United State
, stretching from ocean to ocean. Thirty 
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meteorological stations are placed along the lin
, the highest being 
6,800 feet above the sea. Another line of f'tations follows the Rio 
Grande Rh'er from its mouth to the elevated plateau of Colorado. 
"Tbe l\Iexican telegraph-lines now extend from the mouth of the 
Rio Grande River to San Luis, thence to Tampico, and thence through 
Vera Cruz along the coast nearly to the extre}uity of Yucatan. The 
Signal Service are preparing to place stations down even to Yucatan. 
The Gulf of 
lexico has been nearly encircled with a telegraph-line, 
along which meteorological stations will be placed at such short 
intervals that no hurricane or storm can move from the Gulf without 
notice of its escape and the direction of its flight being given at once 
to the whole country. 
"Arrangements bave been made for a chain of stations to the ex- 
treme eastern end of the 'Vest Indies, all connected by telegraph with 
the 'Yashingtoll office. If Congress is wise enough to give sufficient 
appropriation to carry out these excellent plans, it will be iml-'o

ible 
for any hurricane to enter the United States from the south un- 
heralded, for hourly bul1etins of its progress can be posted in every 
seaport. 'Vho can estimate tlJC lives and treasure t1wt such an ar- 
rangement may save? Congress cannot be too generous to the Sig- 
nal Service. 
"To Hhow the power of the telegraph in this connection, I may 
mention that General 
Iyer recently sent, at twelve o'clock at night, 
an order to each meteorological station in this country. It was unex- 
pected by the corps, but so perfect is the discipline that within ninety 
minutes the \tVashington office received answers from every station, 
even including that on the lofty elevation of Pike's Peak, and the 
lonely des.ert of Fort Y nmå. 
"At General 
Iyer's suggestion, an international meteorological 
organization was effected in 1873. Observations are now taken 
once a day, shnultaneously, at every meteorological station in the 
world, and the results forwarded to the Signal Service Office at 
'Vashington. 
"Every day this office IHlhlishes a bulletin, giving the record of 
these simultaneous observations from all stations. The date of the 
bulletin is necessarily long enough after the observations to admit of 
their reaching 'Vashington. The climate of the world is thus placed 
under our eyes at once. 'Vhen this is carried to perfection, the laws 
that goyern climate may be determined." 
The petrified forest in the de:o;ert of IIumboldt County, N orth- 
western Nevada, has been examined. The stumps of the trees now 
tram
formed into rock are found in an upright position, with their 
roots imbedded in the soil as when growing-many of the stumps 
measuring from fifteen to twenty feet in circumference; and the 
ground was found strewed with truuks and limbs in the same petri- 
fied state, retaining their natural shape and size. There ,,-ere 110 liv- 
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ing trees, nor any trace of vegetation, in the vicinity, except a growth 
of stunted sage-bru:,h. 
"The largest tree yet found in California was discovered during 
the year in King's Uiver VaHey, Fresno County. )Ieasured from the 
highest point to which a man could reach, it ,,,"-as found to be 150 feet 
in circumference, within a few inches, and its height was estimated 
at 100 feet. It is probably t}JC brgest tree in the world." 
A report of the international commission for the survey of the 
boundary-line betwecn the United States and British North America, 
fronl the Lake of the ,V' oods to the Rocky )Iountains, has been pulJ- 
lished. The region was one hitherto unexplored by whites, and was 
found, as represented by the Indians, to consist. mainly of swamps, 
making the survey a difficult one. To this were added the rigors of 
the climate, as the work had to l>e conducted chiefly in the wintf'r, 
when the swamps were fl'ozen and with the mercury at 45 0 below zero. 
The country west of the Red River would be a fine grazing-ground 
but for the myriad mosquitoes which drive domestic cattle almost wil<l 
and kel'p them from gaining flesh. In one direction the boundary-line, 
ill the course of thirty-five miles, crossed sixty-five pieces of water, 
twenty-five of which were lakes, requiring a survey hy triangulation. 
Beyond Turtle l\Iountain the survey was extended over the Great 
Plains, the Great Coteau of the l\lissouri, and the Salt Lakes, and the 
arid, desolate country known as Les l\Iauvaises Tern>s. Beginning in 
1872, the survey was completed in 1874 to the base of the Rocky 
l\Iountains, where they"rise from the plain i.n precipitous peaks 10,000 
feet high. The whole boundary from the l..ake of the \Y oods to 
this point is now marked by stone cairns or earthen mounds, and 
by iron pillars at intervals of a mile for 135 miles along the boundary 
of :Manitoba in British America, which, it is said, "is destined to 
become the great granary of the Dominion." There are, however, 
the dra w backs of the want of markets, the ravages of gra

horpers, 
and the scarcity of fuel. The latter òifficulty may be obviated by 
developing the great bituminous coal-fields of the Sa
katchewan. 
Immigration in this direction is going on; 4,000 l\Iennonites from 
Odessa, in Russia, have settled there, and also a colony of 300 Ice- 
landers on the western slJOre of Lake \Vinnipeg. 
The arctic event of the year has been the return of the English 
expedition of the Alert and Discovery, under Sir George N are
, frOLl 
an attempt to reach the pole by way of Smith's Sound. The \"essels 
had great difficulty in forcing their way through Smith's Sounù and 
Kennedy's and u'obeson's Channels. They were twenty-five lbys m
k- 
ing their way from Cape Sabine to Discovery Bay, a distance of only 
250 miles, beset with all the perils of arctic navigation. 
" Hegarded from a geographic31 and scientific point of view, the 
expedition was a success. I said in my annual address, several years 
ago, that to reach the pole was not the main object in all arctic- ex- 
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pedition; that that was a mere geographical feat, to which necessarily 
great éclat would be attached; ùut that the real ohject of such an 
expedition was to explore the arctic region in every direction as far 
as possible, to obtain scientific information in a quarter of the globe 
where it was of the highest interest-not only as respects the past 
physical history of the earth, but to enable us to unravel phenomena 
anù obtain a knowledge of physical laws affecting its present condi- 
tion which are of high scientific yalue, or, to express it in a po})ular 
form, of the greatest practical importance. This object has been to 
a considerable degree advanced by the English expedition. The 
Alert not only attained the 11Ïghest latitude-820 24'-ever reacllCtl 
by a vessel, and the sledge-expeditions the farthest northern point 
;:tttained by man-83 0 20' 26" north latitude-but the expedition, in 
an unknown region, discovered and traced a line of coast extend- 
ing over nearly fifty llegrces of longitude, ascertained to a consider- 
able extent the nature of the Polar Sea bordering this newly-discov- 
ered coast, and collected a large amount of scieutific information 
in the examination of both land and sea. .1\ line of coast was ex- 
plored 230 miles w'est of the spot where the Alert wintered-90 miles 
of which trends northwesterly to Cape Columbia, the extrl'me northern 
cape, 83 0 7' north latitude, 70 0 30' west longitude; thence weE-t ward 
for 60 miles to 79 0 west longitude, and from there graduall)'I' south to 
82 0 16' north latitude and 83 0 33' west longitude, with no indication 
of land extending from there either westward or northward. The 
northeast and northern coast of Greenland was traced from Polaris 
Bay to a point east of 
Iount l\Iay in 80 0 40' we
t longitude, the far- 
thest northern land seen in the expedition being in 82 0 54' north lati- 
tude and 48 0 33' west longitude (Capc Britannia and l\Iount Albert), 
an(l the Greenland coast was found to rl1n from :l\Iount l\Iay, in a 
southeasterly direction, to bel01Y the eighty-second parallel of north 
latitude; Laòy Franklin's Bay, and Petermann's Fiord and its vicinity, . 
were explored, to which must be added magnetic and meteorological 
and other scientific observations, and the labors of the naturalist, 
carried on in the winter, with the thprmometer ranging at one time 
at 73 0 below zero. 
"Being farther north than any former expedition, they passed an 
unparalleled arctic winter of one hundred and forty-two days-nearly 
. five months-without the light and heat of the sun, anò in thc 8cverest 
cold yet known. In the sledge-expedition of Commander JUarkham, 
in the autumn of 1875, to Cape Joseph Henry, the fall of snow was 
so enormous that the men }lad to draw thl'ir sledges through it up to 
tl1eir knees, and frequently up to their waists, so that, out of a party 
of twenty-four, twelve were severely frost-bitten, and three suffered 
amputation. 
"In an attempt to communicate by a sledge-party with the Di!'\cov- 
ery, that vessel havhg wintered below in Robeson Channel, Christian 
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Peterson, the Danish interpreter from Upernavik, who had been Dr. 
Hayes's sledge-driver, became so exhausted that nothiug would keep 
him warm. They were consoquently compelled to go back with him; 
aud the poor fellow died shortly after his return to the vessel. 
"In an expedition in the tollowing April ::crot;s the Polar Sea, 
north in the direction of the pole, the TIlen had not only to draw their 
sleJges, but two heavy boats fifteen and twenty feet long, over rugged 
floes of ice, separated by ridges sometimes tIlÏrty feet high-to make 
their way over the débris of the pack-ice broken up by the !>revious 
summer, and refrozen during the winter into chaotic, rugged masses 
of angular blocks, of every possible shape. They had frequently to 
cut their way \\ ith picks through the hummocks; and such were the 
contortions and checks, that they had frequently to go fixe times over 
the same ground; so that in making a distance of 76 nÜles towarù the 
pole they actually traveled over 276 miles. Eac11 man had to drag, 236 
pounùs, and to work from ten to twel ve hours a day. They could pull 
but a few feet at a time, and make but from one mile and a quartér to 
two miles awl three-quarters a day. They were absent on this sledge- 
expedition, engaged in this incessant labor, for two months and a half; 
and, to add to their trials, the scurvy broke out among them, so that, 
whell relief reached them, out of the seventeen of the party only five 
were able to drag the sledges. The sledge-pat.ty along the north coast 
of Greenland were beset with like difficulties. Enormous blocks of polar 
ice hall been pressed against the shore, making the trayeling one of in- 
cessant labor, so that seven days were occupied in moving only twenty 
miles. The scurvy also broke out with them; and, when they came 
in, two only were able to draw the sledges. The western sledge- 
party found the same heavy ice extending along the whole coast. 
They were also attacked by the scurvy, Lieutenant Aldrich being the 
only one who escaped; and relief fortunately reached them the last 
day "that nlost of them were ahle to travel. . . . 
"The return of the expedition, and its results, have given rise to a 
great de
l of discussion, both in tbis country and in England. Sir 
George Nares is of opinion, aUfI Di.. Petermann in a recent letter con- 
curs with him, that any further attempt to reach a higher latitude by 
the way of Smith's Sound is hopeless, and that any future effort must 
be by the route between Spitzbergen and Noya Zembla. I fully agree 
in the correctness of this judgment, so far as respects any attempt to 
get farther north hy the way of Smith's Sound in a vessel. I have 
never found sufficient facts to lead me to believe that there is an open 
polar sea that can be reached by a vessel, nor any physical reasons 
why there should be a great space of open water at the pole, or in its 
vicinity. This belief is a very 01<1 one. The supposed sea. is to be 
found re}Jresentec1 upon a. map published 2ß8 years ago. There ma)'" 
be such a sea. The knowledge we .possess will not warrant the as- 
sumption that it does not exist; but it will warrant this statement- 
VOL. x.-36 
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that the more we become acquainted with the area of the polar basin, 
and the nearer we get to the pole, the fewer indications there are of the 
existence of such a sea. I anl not, therefore, very hopeful that any ves- 
sel will be able to get much farther north than vessels have already at- 
tained; but I do believe, notwithstanding the result of the English expe.- 
dition, that the polar area can be trayersed much farther north in that 
direction by sledging, and that it can be done by the way of Smith's 
Sound as effectually as between Spitzbergen and Nova Zenlbla. The 
plan which Dr. Hayes laid before this Society eight years ago, of estab- 
lishing a station at Fort Foulke, \v'here subsistence can Le easilyob- 
tained, and with which communication can be regularly kept np by sea, 
as a base frOln which expeditions may be directed to the north as favor- 
able opportunities offer, I have always thought the l)est plan of 1101ar 
exploration, and for many reasons prcferable to sending out large expe- 
ditions. It would not require a large force, would aflord opportunity 
for the training and experience in the arctic regions, \\' hich is requi- 
site, anù could be kept up at a comparatively small expense. Captain 
H. 'V. Howgate, of the United States Signal Service, has recently 
called public attention to a plan substantially of tbis character, and a 
bill embodying his suggestion is now before Congress, to esta ùlish a 
temporary station for the purpose of exploration at some point north 
of 81 0 north 1atitmle, on or near the shore of Lady Franklin's Bay; 
and Captain I. L. Norton, a shipmaster, who has had some experience 
in the Antarctic, is maturing a like plan, which, he advises me, he will 
lay before this Society." 
The several surveys institnted by our Government across the 
American Isthmus to ascertain the most feasible route for the con- 
struction of an interoceanic ship-canal have been completed, the result 
showing that t.he Nicaragua route is the mOEt practical)le. It will 
take ten years, at least, to construct it, and the cost is estimated at 
about $10,000,000. 
" A cavern has been found in Cuba containing Carib remains, indi- 
cating that the whole of that island was formerly inhabited by the 
Caribs. 
"Prof. 'Veiner has been occupied during the year in ethnological 
researches in South America, and reports from Pacha Camac that hp 
has discovered glaciers in the Andes and Chili, which had been ques- 
tioned by Agassiz; and Prof. IIartt, chief of the Brazilian survey, is 
reported to have recently made important geological discoveries in 
Brazil. The Government of Brazil bas undertaken the measurement 
of an arc on the parallel of 23 0 south latitude, extending oyer nine or 
ten de g rees of IOl1O'itude connectinO' the ca l )ital of the country with 
t'">' 0 
the great meridian of Brazil. 
"The Amazon is now navigated by steamers 3,000 miles from its 
mouth, and several of its tributary rivers have been opened up to 
steam-navigation. I would espe.cia11y call attention to t he great com- 


.. 
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mercial importance to the United States of direct and regular commu- 
nication from this country by steam with the mouth of the Amazon, 
in view of the i!llportance of the regions of the lTpper Amazon and its 
tributaries, which are now made accessible hy steamers." 
In Europe initiatory steps have heen taken for the measurement 
of an arc of the meridian parallel with Algeria. The surveys in Aus- 
tria have been actively prosecuted; 2,066 square miles IJave been sur- 
veyed in Galicia and Hungary, and 200,000 altitudes determined. The 
whole of the Tyrol, the greater part of Transylvania, and parts of 
Lower Austria and Buko\vina, have been mapped. Surveys in Turkey 
and Greece promise at an early day a good map of the Balkan Penin- 
sula. Deep-sea soundings have been made between Norway, the Shet- 
lands, the Faroes, Iceland, and East Greenland. 
The Russians and others have been active during the year in Asia, 
in the regions around the 'Vhite Sea, in the country of the Caspian, 
the Altai and trans-Altai 3Iountains, the northern part of Pamir, in the 
lower part of the river Obi, upon the Irkoort Hiver, from 'Yjernga to 
I{ashgar, in the yalley of Fergani, of the Shueli, and in the western 
part of the C:Ünese province of Yunnan; also in East and N orth- 
west 
Iongolia, between the IIima1ayas and the Tian-shan, China, and 
Turkistan, in Japan ancl Siam, and the river 
Iekong in Cochill-China. 
The Siberian coast has been surveyed between parallels 45 0 and 52 0 
north latitude; the soil is good, vegetation luxurious; lead, copper, 
gold, silver, and coal, were found. 
The German Arctic Soci(:'ty, in pursuance of a ph
.n for polar re- 
search, "dispatched an expedition which last July reached Obl1orsk, 
the most northern settlement on the rivf'r Obi, where they met the 
Russian expedition, organized for the sUr\Tey of the rivers Bar and 
Chuca, that flow into the sea of l{ara, and the course of the river Obi, 
to determine the possibility of connecting th3se rivers w.ith a canal. 
Thence the party made their way to the I{ara Sea, a very difficult 
route; anel, upon their return last autumn, they passed through the 
I{ara Sea and the strait without any impediment from the ice, ana 
have transmitted a very interesting account of their journey in Si- 
beria. Prof. N ordenskiÖld has again passed safely into the I{ara Sea 
and to the mouth of the Yenisei, and has already returned. lIe found . 
the I{ara Sea free from ice in September, and declares that the navi- 
gability of the Yenisei is now ascertained, ana is confident that 
a trade-route may be establi
hed to that river through the l{ara 
Sea. " 
In Thibet, in Japan, in Siam, and in Persia, extensive explorations 
ha\re been made. The great survey of India is going on at the rate 
of 40,000 square miles per annnm. The American Palf'stine Explo- 
ration Society has Ruspended wvrk, in accordance ,vith the advice of 
the advisory committee in Beyront., partly because of the disturbed. 
condition of Turkey, and the continued commercbl depression at 
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hmne. The engineers have, however, made a rapid reconnoissance 
of nearly the whole territory east of the Jordan. 
"I have frequently called your attention to the remarkahle remains 
that are found in the country east of the Jordan-the :Moab Bashan 
Gilead of the Bible-of which, until the l.ecent explorations, nothing 
comparatively was known. Though this part of Syria may be reached 
in a few days from the northern l)art of the Dead Sea, or Íl'om the sea 
of Galilee, it was not visited by travelers, in consequence of the rugged 
nature of the country ana the hostile tribeI' of Bedouins that inhabit 
it. It has no\V been ascertaincd to abound in arclJitectural and archæ- 
ological remains of the greatest interest. It is literally stn'wed with 
the remains of towns and of structures, many of them remarkable for 
- their massiveness, which belong to a past dvilization, of which we 
know nothing. You will remember that some years ago, from the in- 
dications which then existed, I expressed the opinion that this must 
have been, at an early perioù, one of the chief routes between Asia 
antI Africa, and the ruins which have since been fonnd in the eXl)lora- 
tions carried on by the American society, and their extent, confirnl 
that impression. 
"Dr. "\Villiam Thompson, the vetpl'an American missionary aJJd 
explorer in Syria, in a recent letter says that, in making a tour through 
this region, nothing ever iml)ressed him so much as the richness of 
this field in the remains of ancient civilization. lIe sa)Ts that there 
are not only acres on acres of splendid ruins, but fortifieations, temples, 
baths, and theatres, the best preserved in existence, and which have 
evidently stood undisturbed for ages. 'Yhile" on the west side of the 
Jordan, he remarks, cities have been r91)bed to huild other cities-just 
as the ruins of TJre are now contributing ship-loads of stone toward 
building the present city of Beyrout-the east 
ide of the Jordan has 
remained ullIDoJeRteò for 1,500 years; and that there exists there an 
unequaled combination of art aÐd Nature in an untouched condition 
of Rplendor and ruin." 
rrhe work of exploration and investigation in respect to the un- 
known })arts of Africa has been 'vigorously followed up during tl]e 
year. The Xiger, Volta, Ogowe, and Congo Rivers have been eXl)lored' 
more or less fully. The source of Guango River has been reached by 
penetrating the interior across the Talamunga 1\Iountains, w11ich 
re 
fJ'om 4,000 to 5,000 feet high. 
"'Yhen our fellow, 1\1. du Chaillu, se'
erai years ago laid before 
us the account of the pygmieR he ]]a,d fonnd in 'Vest ern Africa, near 
the equator, it was received in certain parts of Europe with incre- 
dulity; lmt these I>ygmies of the western coast have since been seen 
by others, and the existence of races of pygmies is now establis11ed by 
the facts crathered by Schweinfurth, l\Iiani, and others in Africa, and 
b . . 
by recent researches in India. l\Ir. l\Iarcette says that these pygmJes 
were well known to the a.ncient Egyptianf-:, and that there is a bass- 
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reHef, in the sepulchre of the Necropolis of Saggarale, of the fifth 
dynasty, upon which two pygmies are represented, having the features 
of Dr. Schweinfurth's ....\kka. IIe says the pygmies of antiquity were 
natives of Pun, which he illdentities with the moderll Somali country. 
The Phænicians came from Pun, and were not an Asiatic race, and 
near them dwelt a race of dwarfs called Bess, who still exist in the 
Somali country." 
The district of Akem, in the north portion of ....t\.shantee, has recently 
been visited. The country is fertile, heavily wooded, well watered, 
and highly auriferou
. "The climate is humid throughout the year; 
the men are capable of ullllergoing great fatigue, but are incorrigibly 
idle, and the women do all the work. Among the men he found an 
extraordinary growth or enlargeInent of the cheek-bones under the 
eyes. It is in the form of horns on each side of the nose, and so long 
that in some instances tlw man had to squint violcntly to see at aU. 
The gl'owth begins in childhood. The skin is not broken, but strctches 
over the horns like a glove. This phenomenon he thought peculiar to 
the tribe in Akem, as he did not find it in any other. PhotograpllB 
of these horncd men, it is 
ai<l, have recently becn received in Eng- 
land. " 
The circumnavigation of the 
I wutan N izigi (AI\>ert1' yanza) is 
the important eveut of the year in Afdca, establishing the connection 
between this lake and the Kil<>. It appears that the 'Y1lite Nilë is 
navigable the whole way from Dllfli to the lake, a distance of 164 
miles. About 100 miles from Dufli there is a large branch of the 
river, extending north-northeast in the direction of the N yam-N y- 
ams. The country east of the lake has also been explored, and a 
chain of military posts established from Gondokoro to both .Mwutan 
Nizigi and the Ukerewe (Yictoria Xyanza). The SomerEet River 
was reached, and a station established at 
Iasuidi, the capital of 
1J nyora. The Somerset Nile, which connects the two lakes, is navi- 
gable from 
[wutan Xizigi to 
Inrchison'
 FaHs; but from there to 
the ICaruma Hapids it abounds in swift water, having a fall of 7UO 
feet between :Murchison's Falls and Foueh'a. 
l\Ir. Stanley, after exploring I.lake Ukerewe, crossed the country 
of U nyora to the )[ wutan Nizigi, reaching that lake at a point where a 
deep gulf (Beatrice Gulf), formed by a promontory called '(T nsongora, 
runs out fOI. thirty miles in a southwesterly direction. The posi- 
tion of his camp on the lake is 31 0 24' 30" east longitude', and 25' 
llOl.th latitude. The country of Unyora exter:ds along the eastern 
shore; that on the f'ont h shore is calleel R.uanda. On the west, oppo- 
site Gulf Beatrice, is Ukonju, peopled by cannibals, and the farther 
western shore to the north is the country of Ulegga. The people of 
the south and southwestern shores were very hostile. Stanley followed 
up the course of the IGtangule Hiver, the main feeder of Lake Ukerewe, 
and circumnavigated Lake 'Vindermere of Speke; and afterward, on 
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the frontiers of IÜtrewega, found I..ake Akengara, noted in 8peke's 
map. 'Yhen last heard from, in July, he was on his way to Unam- 
yembi, intending to explore Lake Ta
lganyika, and then strike north- 
ward to the l\lwutall Nizigi. Uommandcr Cameron's journey is claimed 
to have settled the line of the Central African lake-sources. The cl1Ïef 
products of Central Africa are ivory and slaves. 'Vest ward from 
I{atanga there arc large copper-mines; coal, cinnabar, and tin, were 
found; sugar-cane, rice, wheat, cotton, and hemp, grow wen; the 
vegetable and mineral products would make the people of Africa in- 
dustrious and prosperous, were they not ruined by the slave-trade. 
The way to stop this traffic is to open up th
 rivers Congo and Zam- 
besi, for there is a way across the continent by a system of W:1ter 
navigation second to none in the world. A missionary station has 
been established on Lake N yassa, in memory of Livingstone, with a 
view to the suppression of slavery, and every friend of humanity will 
ullite in wishing success to this ])hilantbropic endeavor which Lidng- 
stone had so <1eeply at heart. A way ]IaS been found from Zanzibar to 
the interior highlands which is free from the fever-swamps of the old 
route, and also from that great scourge of East Africa, the tsetse-fly, 
a fact of great importance in opening up CC'ntral Africa. 
An Italian expedition started last February, for the exploration 
of the country on the cast coast bet ween 8hoa and Lake "Gkerewe. 
After many bardship
, Liece, the capital of 8hoa, has been reached, 
which will be nlade the base of a scientific eXI)loration of the lakes. 
The expedition is to be absent four years. 
" I regret exceedingly to hear of the recent death of :Mr. Rebman, 
the well-known missionary, who first suggested the existence of a 
system of lakes in Central Africa, which was verified by the dis- 
coveries of Burton, Speke, Grallt, Baker, Livingstone, Long, and 
Stanley." 
There is little to rpcord in regard to South Africa. The diamond- 
fields of the Orange Free State and the gold-fields of the Transvaal 
Republic have not only attractC'd the enterprising and industrious, 
but have also excited the cupidity of their English colonial neighbors, 
in a way which it is feared will prove anything but beneficial to the 
rising African republics. 
During the last five years the great island of K ew Guinea, which 
thirt)T yearR ago was put down as an unknown land, has b
en the 
sc('ne of active explorations. The country has been penetrated by 
way of Baxter and Fly Rivers for üO and 150 miles respectively. It 
is peopled 1)y a mixed race, l\I:tlayau and Papuan,... braye and ener- 
getic, speaking different dialects, and at war with each other. 
The country watered by the Baxter Riyer is low, swampy, covered 
with forests of mango-trees and thinly populated, contrasting in this 
respect with the Fly River, which swarms with human beings. The 
J\Ialayan l)opulation of the eastern shore are far above the 
av3ge, 
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and arc opposed to the pulygamy and cannibalism which cxist among 
the Papuans. The southern peninsula of New Guinea was explored; 
a range of mountains forms the backbonc, ruuning north and south; 
at a height of 4,000 feet wcrc found denbe forests of tropical ycgeta- 
tion, covering the whole northern range except the top of l\lount 
Owen Stanley, which rises in a double peak 13,205 feet. The soil of 
this region is very rich; sugar-cane, yams, sweet-potatoes, and 
tobacco, are cultivate<.l; bread-fruit and mango are indigenous. The 
people have frizzled hair, and are òarker than the :l\Ialays, differing 
from them also in disposition, being inoffcnsive and friendly. " The 
women take an active part in any disturbance, anù were found morc 
capable of making a hard bargain than the men. None of the tribes 
believe in a God, anti attribute everything extraordinary to some 
supernatural agency. 
" The climate of this part of the peninsula is relaxing. It is impos- 
sible to live in the valleys without impairing the constitution, from 
the excessive muisture; Imt in the interior it is more salubrious. 
Bir<.ls are very numerous, cunspicuClus among which is the bird-of- 
paradise, but flowcrs are scarce. 
Iiclucho )Iaclay, who has made 
extensive explorations in New Guinea, was cngaged last July in ex- 
pl(rations on the northcast si<.lc of the island, about Astrolabc Bay, 
the part of the coast which has been named after him; and he reports 
that in April an earthquake occurreti in the highlands in that vicinity, 
which destroyed many villages." 
The island is ],400 miles long, and from twenty to 450 miles 
wide; it possesses great vegetable and mineral wealth, anù large 
portions of it are suitable to European colonization. It may in the 
future become the seat of an important civilization. 
"The islands of tlJe northeast coast of X ew Guinea ha ve been visit- 
ell. The natives are nude sa"ages of the Oriental negru type, who live 
l110re like beasts than human heings. Cannibalism prevails through- 
out the islands, not as a religious rite, but as a mCàns of subsistence. 
The details of this horrible practice arc too revolting to rq)eat. The 
natives say that there is in the islands a race of human hci!lgs with 
tails, who are not monkeys; that the tail is bony and inflcÀible, so that 
those with this caudal apl)endage have to dig a hole in the sand before 
thcy can sit down, as they die if the tail is broken. 'Ye have thus 
revived the account of the men with tails heretofore reported to exist 
in Borneo ana the interior of Africa, but always upon nati\"c informa- 
tion, with the exception of hcarsay information alleged to bavc 1)eBI1 
given by a 8ailor cast away on the coast of Borneo, and, like all such, 
· of little value." 
Exploration has been made of that portion of the Australian Con- 
tinent I)Ting between )Iurchison and the Overland Telegraph linf'. 
The Ashburton River was traced to its source, thus defining thc 
extcnt and position of the weste
.n water-shed which almtb on the 
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desert in 120 0 20' east longitude. No water-courses were found flow- 
ing to the eastward; along the twenty-fOluth parallel to 127 0 east 
longitude, the country was found to be an 01)en desert. 
"This very imperfect survey of the geogra},hical work of the worla, 
when regarded as the work of a single year, justifies, I think, what 
I said in my last address-that we are living in a great geographical 
age. ,
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IS THE ltIOON A DEAD PLANET 
 1 


_ I T is not a little curious that the great body which for ages has lJecn 
, proverbial for its changeableness should haye at last come to be 
looked upon as tbe most unclJangeable of bodies. 'Yhen the earth 
was regarded as constituting the universe, and the heavenly bodies 
as mere exhalations from it, the moon "\yas, of course, ùelieved to be 
nothing but a meteor-a great lantern hung in the sky to illuminate 
and rule the terrestrial night; but, when modern astronomJ had 
establis}}ed the idea that the earth is but a moying planet, and the 
planets themselves great orbs like our own globe, speculation inevita- 
bly arose in regard to their condition. It was 1hen concluded that 
the moon may be like the earth, with its oceans, plains, mountains, 
atmosphere, vegetation, and inhabitants; and this idea long prevailed 
as a part of the great doctrine of the plurality of worlds. But an 
opposite opinion at length grew up among a!5tronomers, which has 
been greatly str.engthened in recent years. This change of view has 
been largely ascribed to the celebrated astronomer l\Iädler, who made 
a very forcible statement of the differences and contrasts between the 
condition of the moon and that of the earth, and l)ointed out that the 
current view tbat the moon may be a copy of the earth i
 impossible. 
These views crept into astronomical text-books, alld gradually led to 
the conviction that the moon is a sort of phryed-out or defunct planet, 
destitute of air and life-a mere tnass of rocks and cinders, cold, life- 
less, and unchangeable. 
nut although this vicw is still current among astronomers in gen- 
eral, there is a class of astronomers (selenographers, as they are called) 
who ha\"e studied the lunar surface with long and 11rofound attention, 
and to whom we are indebted for our prcsent knowledge of our satel- 
lite, who bolJ a different view. They agree in the belief that many 
processes of actual lunar change are in progress, and they have de- 
tected the existence of a lunar atmosphere. This conflict of opinion 
is said to be due to the fact that the labors of selenographers are in- 


1 Abridgerl from an artiële in the Quarie1'l,l1 Journal of Science, entitled " Physical 
Changes upon the Surface of the Moon," by Edmund Neisan, F. R. A. S., author of 
"Tbe Moon, and the Condition and Configuration of its Surface." 
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accéssiblc to most astronomcrs, and are h(>Ilce ùut imperfcctly known. 
'fhe inquiry, we are told, is oue of great. difficulty, requiring a thor- 
ough acquaintance with Reveral hranche8 of science. Thc results ar- 
ri\'cd at by prolonged, minute, and careful observation of the details 
of the lunar formation are rejected because the proofs on which they 
rest are not well understood. 
The most prominent instance of supposcd lunar change on the sur- 
face of the moon is that of the crater Linul'. On the northwest quad- 
rant of the moon, near the ceutre of a lcvel tract alJout 430 miles in 
diameter, there is a bright crater caned Bessel, nearly 14 miles in di- 
ameter, with a circular wall rising 4,000 feet auoyc tIle interior, and 
about 1,600 feet above the surrounding plain. Scattered o,.('r this plain 
are a few small craters, some 2t miles in diameter, with walls about 
300 feet hiO"h. Near its eastern centre an eminent belenographer 
o . 
named Lolu'man placed a distinct, hright crater about five miles in aiam- 
cter, which he described as being, after Bessel, the most cOIlRpicuous 
object on this great traet of level ground. Ten years later, our great- 
est :o:elenographer, Daron von !Iäc11er, confirmed Lohrman's oùserva- 
tions, and made this crater a subject of special study, naming it 
Linné. In the drawings of Schmidt, who was about this time making 
lunar observations of this particular vart of the moon, I.Jiuné is shown 
as a deep crater corresponding with thc descriptions of Lohrman and 
l\Iädler. 
In October, 1866, when T..inné was in a position to bc most con- 
spicuous, Schmidt was startled by finding no trace of the deep, wide 
crater, hut only a faint cloud marking about fiv'e miles in dimneter. 
Schmidt at once announced the circumstance, and nearly every astron- 
omer in Europe turned hi
 attention to the spot. But Limìé has never 
since been scen of the size and character given it by Lohrman, 
Iäc1- 
leI', and Schmidt. This large crater unquestionably no longer exists. 
Powerful telescopes reveal, in its place, a white, c10udy marking con- 
taining a small crater-conc with an opening scarcely one-twentieth the 
Hize of the former crater. 
The reason why astronomers will not admit tIle reality of any 
changc in Linné is, first, a strong prejudice ngainRt the pos
ibi1ity of 
snch change; and, second, the fact that Schrüter, of Lillienthal, the 
earliest of the gr
at selenographers, in one of llis first drawings, 
made N ovemher 5, 1788, with low powers, docs not draw Linné as a 
crater. Near its })lace he draws a whitc spot on a ridge marked V, 
and a larger spot marked G. Schmidt took this white spot to he 
I.Jinné, a view strongly urged by IIug-gins, and acc<,pted as correct hy 
astronom('rs. They say, as Schröter'
 drawing is not unlike the pres- 
cnt appearance of Linné, Lohrman, 
Iädler, awl Schmidt, must havc 
becn mistaken as to what they thought they saw. .Again, in a map 
made 1)y Lahire in the seventeenth centurv no trace of Linné can be 

 , 
found. It may be said, however, that all the maps of ,this })eriod 
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omit numerous craters far larger than Linné. They were principally 
full-moon drawings, where Linné woulù not be visible as a crater. 
Riccioli's map, however, shows Linné as a distinct crater. But the 
present crater on tIle site of Linné could not possibly have been ::;een 
by lliccioli with the ol'tical means at bis command. 
In every other instance of diðcrepancy ùetween the drawings of 
Schrüter, and Beer, and J\Iäùler, Schröter's are rejected, while in this 
particular case one of Schröter's earliest drawings, made with imper- 
fect illstrulnents, is brought forward to prove the incorrectness of his 
great successors. 
It will require long study of this region with powerful telescopes 
to det{'rmine the nature of the change undergone by Linné. From 
numerous observations the lX}Jlanation agrceing best with the present 
cõndition of the surface ið, that tIle wall::; of the olù crater have col- 
lapsed and fanen into the interior. III tJás way the interior would be 
almost entirely filled up, leaving a rough, cone-like crater in the ceutre. 
lJnder favoraùle condition!':, with a powerful telescope, the surface im- 
mediately around the small crater appears rough and irregular. 
Round the ùorder of the old crater are numerous mounds and blocks, 
and on the east, one or two peaks or low hills, seeming like I)ortions 
of the old wall. The difficulty of making these observations is very 
great, and they are only possible in the finest atmospJleric con- 
ditions. 
Proctor has tried to show that the changes in Linné are variations 
of tint due to differences of illumination. But no selenographer will 
admit that any alt{'ration whateyer in illumination could make an ob- 
ject where Linné is placed, look at one l}eriud like a considerable and 
deep crater, and at another as a sman, scarcely visible crater. 
The facts about Linné may be therefore sumnleù up very briefly. 
According to three or nlOre independent selenograpl1ers, the most ex
 
J)erienced that science has seen, the oùject uamed Linné was a con- 
spicuous crater of large diameter and great depth. N ow, in its place 
all that exists is a tract of uneven ground, containing a small, scarcely 
yisible, iQsignificant, crater-like object. It is impossible that one 
could ever be systematically taken for the other. It is inconceivable 
how our three greatest selenographers could have systematically anù 
independently made the same blunder, and that one blunder only. 
For in no other case do we find any error of this nature. Their de- 
scription must, therefore, he held to truly describe the nature of the 
formation at their epoch (1820-'45). The object is no longer of the 
same size and deRcription. A real physièal change on the moon's sur- 
face must therefore have occurred at this point. This, then, is tJlf' 
conclusion that selenograpbers as a body haye arrived at; yet, despite 
the strong evidence on which it rests, it is not generally recognized 
hy astronomers. 
The next instance of change on the surface of the moon is that of 
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the crater named :Messier by Beer and l\lädler. In its equatorial re- 
gion, 011 the we
ter(Jmost of the great lunar l)lains, close to Olle an- 
other, are two smaJI crater-plains about nine miles iu diametl'r, sur- 
rounded by very low riùges and mounds anù crater-like depressions. 
These two formations, named 
lessier and )Iessier 
\, were ùiscovereù 
and ùescribed ùy Schröter, who regardel1 
Iessier as slightly the larger. 
Beer and l\Iiidler examined these formations most carefully on more 
than three hundred distillct occasions ùetween 1829 and 1837. They 
declared that the two crater-plains were <.
xactly alike in every par- 
ticular. Both were circular and of the same size, with ùright, grayish- 
white walls and a yellowish-gray interior. The walls were of the 
same height, with wall-peaks situated in the same relative po
ition. 
In diameter, form, height of walls above the surrounåing surface, and 
depth and colOL' of the interior of the walls, Beer and l\Iäùler declared 
that they were completely alike. Some years after this, a slight dis- 
:-.;imilarity between the forms of the two craters was noticed, and ill 
November, 1835, the Hev. T. "T. "
ebh, one of the Lest living lunar 
observer:.', discovered that the eastern cl'J.ter-plain, 
Iessi(ìr A, ap- 
IJeared the larger of the two. 
In .March of the following year he observed that not only was 
.l\Iessier the smaller, but that it was elliptical. lIe confirmed these 
observations on repeated occasions, and in 1857 mac.le drawings show- 
ing l\Iessier A unchanged, while ßle
sier hac.l an elliptical form, with a 
long c.liameter of about 10 or 11 miles and. a short diameter of about 
7i to 8 milcs. The nlatter attracted little further attention until 18'i0 
to 1875. During these years 
Icssier and :Messier A wcre studietl with 
the aid of powerful telescopes, and during the past year the long 
diameter of l\Iessier appears to be 12.2 miles and the short diameter 
6.9. The dift'erence between the form a11l1 dimensions of these two 
formations is now obvious in the smallest astronomical telescope. It 
is inconceivable that Beer and 
Iädler couhl have failed to recoO'nize 

 
these differences with their tine Fraunhofer equatorial, with which, 011 
hundreds of different occasioll
, they carefully scrutinized them in 
search of c1ifferences. 
This slow squeezing out of shape of an immense crater-plain is a 
change that seems to defr explanation. Nothing analogous now 
exists on the surfaf>c of the earth, and it is not surprising that there 
shoulJ be a 
trong reluctance to admit that such a change has oc- 
curred. ..A careful examination of :\Iessier and its. neighhorhood, how- 
ever, suggests that, insteac.l of a hot1ily compression of the cntire 
erater, there has been a gradual sliding of the north and south walls 
into the interior", and a pushing of the entire western waU outward 
and westwanl down an incline existing there. 
elenographers ('oula 
point to a hundred cases where a like circumstance has occurred. 
\s 
far as is at present known, thi::; explanation accorùs with the conùi- 
tion of the formations around l\Iessier, but further observations with 
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powerful telescopes are indispensable. Unfortunatdy, it is a difficult 
matter to study, for 011 only one or two days in the year is l\Iessier 
likely to be found in a proper condition to be observed. 
Other instances of change in the lunar surface have been detected 
by selenographers, hut the evidence on which they rest is not so over- 
powering as is needed to induce their acceptance. 
Periodical variations in the color and brightness of lunar regions, 
such as would result fL'om }Jrocesses of vegetation, were first noticed 
1y Beer and l\1i\dler, but they regarded the absence of masses of water 
upon the moon as a fatal objection to this explanation. The variation 
in the floor of Plato is one of the most interesting of these changes. 
Plato is a circular plain 60 miles in diameter, fmrronnded by a 1e1t of 
highlands from 3,000 to 3,500 feet in height. TJJese highlands at sun- 
ríse are a pale yellowish gray, gradually changing to grayish white. 
At sunrise the interior of Plato appears of a cold gray, 1ut, as tIle 
sun rises higher above the horizon of Plato, and the solar ra
Ys fall 
more perpendicularly on this region, the whole surface grows rapidly 
brighter, until, about two days after sunrise, the interior of the for- 
mation attains its hrightest tint. It is then a cold, light yellow gr3Y, 
often approaching a pale yellow, ill fact, and brighter than the Bur- 
face of the l\[are Imbrium on t he north, while the sl11Tounding high- 
lands are a bright grayish white, tinted here and there with gray. 
Judging from what occurs ill any of the numerous other formations 
resembling Plato, tIlis may he considered tIJe normal tint, inaFmuch 
as those other formations which present exactly the same phenomena 
up to this time, anù which, under similar con<1itiollS, present exactly 
the same appearance, retain this tint unaltered until near sunset. Af- 
ter, however, the second day, the floor of Plato commences to under- 
go a most extraordinary and anomalous change, wlJich renders it unique 
on the moon, for, instead of growing lighter, the interior commences 
to 1ecome darker. Four days after sunrise it is materially darker 
than the northern J\Iare, and a cold gray in tint, while the Eil1l'round- 
ing highlands are a bright white in color, tinted with gray; the ap- 
pearance they retain until the thirteenth day after sunrise, growing a 
little, though not. vel'y mifch, brighter toward full moon. Two days 
later the floor of Plato has become a dark gray; at full moon it is 
deep steel-gray; and, about two days aft('r full, reaches its darkest 
tint, a yery Lleep steel-gray, almost approaching a l)lack color. Under 
these conditions, it is one of the very darkest portions of the entire 
lunar surface, though, seven flays prior, it was one of the lightest por- 
tions of the surface of its kind. After this, it gradually lightens in 
tint, but much slower, and never reaches so light a tint. 
This extraordinary periodical change in the tint of the floor of 
Plato has hitherto received no explanation, but its existence has been 
put beyond the pale of doubt, and 1\11'. Birt has, at the instance of a 
British Association Committee, carefully discussed a numerous series 
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of observations, made in the years 18üD, 1870, and 1871, by six or 
seven ill{.l<
l)endent observers. 
I)roctor has attempted to show that these appearances are the 
effect of contrast. Thus, at sunrise, the floor of Plato is thrown against 
a dark Lackground, due to the sombre, barely-illuminated surround- 
ing regions; while at full moon it has for a background the brilliantly- 
illuminate,l snrrounaing highlauds, anlI f'hould look much darker. 
But if the great darkcning ob
erved to occur in the tint of the interior 
of Plato is merely ap}!arent, and ouly what must occur wlwn a dark- 
ish walled plain is snrrollndell Ly a Lright background, or, rather, 
bright environs-and this is all 
Ir. Proctor ascribes to it-it must be 
a perfectly normal occurrence, and the same must take place in every 
similarly-placed formation, unless that has something anomalous about 
it to l)re\
cnt this taking place. All sclenographers could instance a 
number of sllch walled plains where no such darkening occurs. Are 
we, then, to assu!lle that these plains possess anomalously constituted 
interiors, and that only Plato, of all the lunar formations, exhibits the 
normal phenomena? This is, of course, entirely inadmissible, and 
selenographers are thorougl]ly aware that the effects of contrast al- 
lurled to by 
Ir. Proctor are entirely incapable of bringing about such 
an immense darkening in tint as is apparent jn the case of the floor 
of Plato. 
The reason of this singular darkening in the :floor of Plato is not 
yet understood. Se!enographers believe that it resultg from an actual 
change due to th
 heating action of the solar rays. But the further 
elucidation of the subject requires special observations with 
pecial 
appliances. Thus, as in 80 many selenogrnphical problem
, patient 
observation establishe::; the existence of certain }>henomena, but the 
elucidation of the meaning of the })henomena established is checked 
for want of special obseryations that are never made. For these, 
selenogrnphers have to appeal to those a:o:tronon;wrs devoted to what 
has been termed astronomical physics, but they are too much engaged 
on more fascinating subjects to give attention to such inquiries. 
The instances here dealt with will show that sc1enographers are 
not without strong evidence in favor of the opinion that has long been 
unanimously hela by them, that processes of change are still actively 
at work upon the moon. It must not, howe\"er, be supposed that the 
above are the sole instances whieh they have recognized, because this 
is by no means true, only the difficulties in establishing others have 
led to their omi
sion here. Dealing with a suhject such as 
elenogra- 
phy, it is only those who are familiar with all its details who properly 
appreciate the evidence in favor of or against its proLlems. The 
difficulties in the way of making the true hearings of sclenograpl1ical 
questions properly unt1erstood are greater than might be imagined; 
for even the very elementary fact that volcanic changes such as are 
now active on the earth would not he recognizable on the moon, in 
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the pre
ent state of our acquaintance with the configuration of its snr- 
face, is not generally understood. 'Vhen, however, t.he attention of 
astronomers is more generally directed to the study of the lunar sur- 
fhce, Science will he greatly the gainer, as it is there that the past 
and future of our earth is to be learned. 


. . . 


SIZE OF TIlE PRINCIPAL TELESCOPES I
 THE 'YORLD. 


I N Les Mondes, January 20, 1876, appeared a list oÍ the principal 
telescopes of the world, with their apertures and fot.al lengths. 
It was defective in regard t.o its enumeration of American telescopt>s, 
and in other respects, as all such lists must be. 'Ve have compiled 
frOln it, and from other sources available, a larger list, which is itself 
manifestly incomplete, but which wHI give a l)etter idea of the num- 
ber of telescopes available, or soon to be available, for astronon1Ïcal 
purposes. It is a melancholy fact that the return from so many in- 
struments, that is, the interest from so much astronomical capital, is 
not so great as it should be, and it snggests the question as to whether 
future benefactors of American colleges, for example, will not do bet- 
ter to }Jrovide astronomers to nse the telescopes already constructed 
than observatories in which to pnt new ones. In the second column, 
the first name !s that of the maker of the ohj
ctive or specnlum, the 
second that of the engineer who mounted the t('lescope. 
J. REFLECTORS. 


One French inch = 12 Paris lines; one English inch = 11.26 raris lines; one metre = 44:3.30 Paris lines. 


APERTLRE. I FOCAL LENGTH. 
OW
ER OR DIRECTOR, Canltructed by Englisb I I Frencb I Englisb I Frencb I REl\IARKS. 
AND ODSERV A TORY. Inche
, I h I l\Ietres. Feet, Feet, Metre!. 
"'c 
 N. "". "". I 
Lord Rosse. l
irr Castle. Rosse.......... ô ft. = = 55 ft. = =1 
'Vm. Herschel,Slough.. \V.Herschel.... 4" ...... ..... 40" ...... ...... Out of use. 
Lussell, Liverpool, etc. " Lassen......... 4" . .. . .. ......1 37 .. I ...... I. . . . . ï Destroyed. 
Ellery, Melbourne.. . . . .. Grubb......... 4" , . .. .. ......, 8
" . . . . .. .,.... 
LeVerrier, Paris.... ... Martin,EichPns. ...... ..... 1.20 ...... ......17 I :5ilveredglass. 
Lord Hosse, Birr Castle.. Rosse......... 86 in. ...... ...... ...... I. . .. .. ...... 
Tisserand. Toulouse..... Foucault....... ...... I. . . ... 0.80 I ...... I. . . ... ..... . 1 Silvered glass. 
Stephan, Marscilles...... Foucßult,Ei- I I I . . 
chens........,...... ......0.80 ...... ......4.80 E-Ilveredglass. 
H.Draper, near N. York. 11. Draper. "' 1 2Sin , ...... ..'... 1 13ft. ...... ...... 
ilveredglass. 
Lassell, Haidenhead... . . 1 Lassen ........ 24'. I...... ...... 20" I ...... .... .. I Metal. 
W. & J. Herschel. Slough, I I 
and Cape Good H
pe..1 W, &.T. Herschcl 1 
 :: I ...... ...... 20" ........... I Several mirrors. 
n. Drnper,nearN. 1: ork' i H.Draper...... 1 15 ...... ...... , ...... ...... ...... 
Maclean, Tunbridgc W clls W.ith &, Brown- .. I I 
Ing . . . . . . . . . . 15 ., . . .. ..... .,. . . . .. ..... .1. . . . . . 
Pritchard, Oxford.. . . . . .. De Ia Rue. . . . . I 18" ...... ...... 10 ft. ...... ...... 
Worthing1;on and Baxen- ' I I I 
den, Manchester.. . . ..1 'Y
-: t . 




 13" . . . ... ...... __.... ...... ...... 
llirst, New Zealand.. .. .. Browning...... 81-" .. .. . .1. .. . .. :- . . ... ...... ...... Silvered glass. 


. and many others. 
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II. REFRACTORS. 


APERTI;RF.. FOCAL LENGTH. I 
ConEtrncted by E II hi F h I Engli.h French 
I I

he:. [
::
1. 1 1Ietr
" 1 f I 't. h an<l f I t. h ftnd :!\Ietres. 
_1_- -=-=1-=-:1_ 
Lyman, Yate College.. I A.Clark&Sons. 28 I.. ...1...... _..... .... 
Littrow, Vienna..... . . .. Grubb.......... \!1 I . .. ... ...... I . . .. .. ...... 
McCormick, ?........... A. Clark & 
ons. 
ûM . .. . .. I. .. . " I 33 ft. ...... 
C. H. Davis, Washington. A. Clark &, ::;ons. 2û I. ... .. ...... 39U in. ...... 
Newall, Gatcshead..... Cooke. . . . . .. ...1 
5 .. .... ......, 29 ft. ...... 
Buckingham, London... Huckin
ham... 
1 . . . . . . ' . . . . .. ...... ...... I 
Univer,;ity of Chicago.. .\. Clark 
\:. ::;ons. b.5 ...... ,.... .. 23 ft. ,...... ...... I 
Winnecke, Strasburg. .. . )Ierz. _ ,...... ...... 18 . . .... ...... ...... ...... I Constructing. 
Pickering, Harvard CoIL, )Ierz "... ..... '115 .. ... .1.. .... 23 ft. ...... I 
O.8truve,Pulko\'a...... Merz.......... 14.
\3...... ...... 
1U.6...... I 
Lord Lindsay, Dun Echt. Grubb......... 15 ,...... ...... 15ft. ...... ......' 
IIuggins,London........ GrUbb........ ] 1:> ...._ ...... ...... ...... ......' 
Dow1IsedeCollege, Gath. ................ 14.5,......'......1.... 1 ....'....1 D

t;



 by fire 
Cooper, Markree Castle.. (?)..,.. ....... 14 I .... .. ...... 25 ft. .... ...... 
00111, Lisbon... . . ... . ... Merz........... ...... 14 I...... I.. .... ...... ......, 
C. H. }<'. Peters, Clinton. 
pencer........ 13.5 ...... ...... 16 ft. ...... ...... 
Boss, Albany. . ' . . . . . . . . Fitz.. . . . . . . . .. I 13 I .. . . . . I , . . . .. 1.,
 in. ...... ...... 
Rutherfurd
 New York.. Rutherfurd... .. 1 13 ...... I ...... . .... ...... I Photographic. 
Langley, Pitts burg . . . . .. ................ 13 . . . . .. ...... ...... ...... I. . .. . . 
'Vats on, Ann Arbor...., Fitz........... 12.5 ......1......1 17ft. ...... ...... 
Airy,Greenwich ...... )Icrz&Simms..' It.5 ...... ...... 1G.6 ...... ...... 
Mitchell, Vassar l"ollege., Fitz, reworked I I I 
, byCJark...... 12.33...... ...... ...... ...... ...... 
Pritchard, Oxford....... Grubb......... 12.2:>...... ...... .... . ...... ...... 
Pritchett,Glas
ow, U.::;. A.Clark&::;ons.' 12.25.... . ...... 11ft. ...... ...... 
Le Verrier, Paris........ 
ccretan &; Ei- I I I I 
i chens....... .. 12.. .... ........... :> 
Littrow, Vienna......... A. Clark & Hons. 1
 .. .. .. .. ..' 
Adams, Cambridge.. . ... Cauchoix....... 1 
 .. .... ...... 20 ft. 
Ball D1Iblin........... . Caachoix....... 12? I2?.... .. 
II. Dra[l2r, near N. York. A. Clark &, Sons. 12 I 

lain, Oxford. . . . . . . . . ., Cauchoix....... 12? 12 ? 
Pritchard, Oxford....... Grubb.......... 12 . ..... ...... 
Le Verrier, Paris......., ................ ...... ...... u.3t ...... ...... ...... 
White, Brooklyn. . . . . . . . I Fitz, reworked I I I I 
byClsrk....,ll1% ...... ...... ...... ...... ...... 
:\Ierz.. ... ... " I 11.5 ...... ...... 11 ft. ...... 
S('hroeder. , . . . . I . . . . . . II . . . . .. ..... . 1 16 
1\lerz..... ...... ...... 111.:>............ 1:> . . . .. . . . . . . . 1 
Merz..... ,..... ...... 1U.:'>.. .... '.... .. 15 
.Htz............ 11.
:> ...... ......1 14ft. ...... ...... Photographic. 
I I I I I I 
i




" 
 


.
. . 

 . .. .. i i . . 1 : : : : :: :::.:: ::::: > : : : : :: 
A. Clark & ::;ons. 11 .. .... ...... I. .. ... ...... I . . . ... Photographic. 
Rutherfurd and' I I 
Fitz......... .1...... 10.5........................ rhotographic.' 
D'Aguilar, 1\ladrid...... :\Ierz........... ...... 1U ....... .... ...... ...... 
Bredichin, Moscow. . . . .. Merz, .reworked: I I I 
I by Clark..... ...... 10 ...... ...... 16 ...... 
Michie, "West Point. . . . .. Fitz, ,reworked I I I 
I byUark.. ",10 ............. 14ft. ...... , ...... 
Stepban,Marseilles...... Eichens........ ...... j ...... 0.2:> ......1...... 8 
Barclay, Ley ton. .... ....1 Cookt:'.......... 1U ........ .... 12 ft. I.... .. ...... 
}'lctcher, Cumberland.... ................ 10 .. .... I...... 12" I 
---:---' Dorp
t.. . . _ _ . . . . 1 Fraunhofcr..... \I. 
2 ......1 ,.... 14 
Forster, Berhn.......... Merz........... 9.62...... ...... 14 
Hccchi, Rome........... 
lt:'rz........... 9.1;2...... 1 ...... 14 
Tacchini, Palermo....... :Merz........... 9 .6
 ...... ...... ...... 14 
Kowalski, Kazan........1 :\It:'rz........... ' 9.û2.... 1 ...... 1 ...... 1-1 
C. 11. Davis, WashIngton. 
Ierz, reworked I I 
by Clark" . . . . 9.62. . . . .. ...... ...... ,'.... 
Lefont,Calcutta......... Stdnheil....... 9.û2 ....., ......1ï2in. ...... ...... 
rog-son, Madras. . . . . . . .. Lercbours and I I I I I 
I 8ccretan .. .. . I' 9 ? . .. ... .... .. , .. . ... ...... 
Buckingham. London.... Sec
etnn........ 9 0 11 I ..... I . . .. .. ...... ...... 
Yonng, Dartmouth......1 A. Clark &::5ons.1 9.3
 ..... ""'1 12ft. ......I...... 
Hrant, Glasgow. .. .. .. .. ............... . , 9 I.. .... ......... "I'. .... '.. .... 
Crosgley, Halifax.. . . . . .. Cooke..... .... 9.8:3. . .. . . , . . . . . . ' . . . . .. I" " .. '. . .. .. 
Edgecomb, Hartford..... A. 

lar
 & Sons. 9.4 I 9 .. . ... ...... ...... I.. .. . . 
Schultz, Urs
la.........' Stemhell.......:...... ... . ... ...... ...... \ ...... ...... 
Barneby, Worcester..... Cooke.......... 9 , . .. ... ...... ...... ...... 
Bruhn!!, Lci.rsic. .. . ..... Steinheil, Pistol'. ...... 
 I.. .... ...... 1: 
Menten, (.t:.uto , . . . . . . . .. Mcrz........... ...... 9 . . . . .. ......, II, 


OW:-i"ER OR DIRECTOR, 
AXD OBSERVATORY. 


REMARKS. 


Constructing. 
I Constructing. 
I 
.. .. .., 


Stone, Cincinnati. . . . . . . . 
V. Bülow, Rothkamp.... 
Lamont, Munich.... .... 

chjellerup. Copenhagen. 
t;ould, Cordova.... ..... 
,. an Vleck, Middletow'n, 
U. 
.. '" , .... ... .-,... 
-, Florence..... .... 
Oom, Lisbon. ... .... .... 
P.utherfurd, New York.. 
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II. REFRACTORS-( Continued). 


APJo:RTURE. FOCAL LENGTH. I 
OWNER OR DIRECTOR, I I I I 
Con.tructed by E r h F h I English French , 
AND OBSERVATORY. tr!h's I I re
c Metres. Ft. and Ft. snd'Metre.. 
u "' 
 1_I I"hoL j 'noh_ I_1 
Stonyhurst College. . . . ., ................ 8 I. . . . . .1. . . . .. ...... ...... ...... 
Wilson, Rugby.. .... .... A. Clark&. Sons. , 8.25................ ..'..... .'...... 
-. :Florence.. . . . . . .. Amici. . . . . . . . .. ..... . 1 8 I. . . '" ......'..... .1. . . .. . 
Erck, Ireland.. . . .. . . . ..I A. Clark & Sons.' 8 .. . ... ...... ...... 73 in. '...... 
Ashe;Quebec. . . . . . . . ... A. Clark & Sons,' 8 . . . .. .' .. . .., ...... 9 ft. I..,... 
Hartnup, Liverpool..... !\lerz.......... . , 8 ............ 12 ft. ......'...... 
Lyman, Yale College.... ............... 8.25..... ..... ......'..... ....." 
U.S.NavaIAcademy.... A.Clark&fo:.ons' j 7.75...... ...... ...... ...... ...... 
Esty,Amherst College.. A.Clark&::;ons. / 7.
5 ...... ......101in. ...... 1 ...... 
Bishop, London. . . _ . . . .. Vollond.... . . .. 7 . . . . .. ...... 11 ft. ..... . . . . . . 
Knott,-........... A.Clark&::;ons, 7.33...... ...... 9.4 ...... ... .. 
Birt, London. .......... ................' 7.5 1 " . . " ...... ...... ......!...... 
I.eeson-Prillce,-... Tulley.........' ï ......1...... 12ft. ...... ...... 
}{ussell. Sydney......... Merz...........1 7 ........... , 
.6û ...... , ...... 
1\lain, Oxford....... .... Repsold........ 7.5 ......'...... 10.5 ...... ......' Heliometer. 
Williams College, U. S... 
. Clark & Sons. 1 7Yo .... ../...... ......,...... ,.... .. , 
-, Naples......,... .Fraunhofer..... ...... 7 I ...... ...... ...... ...... 
O. Struve, Pulkova.. .... Merz....... ...'...... 7 ......'.... .. ".... .1.. .... Heliometer. 
(Col'ge), Shelbyville, U.S. Merz.. ........ .'...... 7 '.... " 1 10tt. ..... .'...... 
Hansteen, CLristiania.. ., Merz. . . . . . . . . . . 1 . . . 7 I. . . . .. ...... ......'...... 
Kaiser, Leiden. . . . . . . . .. Merz........... ...... 7 I .. . ... ...... ..... '1' . .. . . 
})Embowski, I<'lorcnce... 
Ierz........... ...... 7 .....'...... ...... ...... 
UusselI, Sydney.. ... .... l\Ierz.................1 7 ......... .. ......'...... 
Luther, Königsbcrg, . . .. .Fraunhofer and I I I 
Merz......... ...... íO.21. ...... ... ..1,1341.. ....' Heliometer. 
wend
 l?,a}j

g:.ë
Ú
g
: Mcrz...........,..l 6.5 1 ...... ....... ...... ......, 
U. Soo . .. . .. . . .. . . . ... A. Clark & Sons. {j. 2
 .... .. ..... .1.. .. .. ' . . . . . .1. . . . . . 
1\IoortJ,Lynn. U.S...... A.Clark & Hons, 6.25......,......1...... ......'...... 
Burnham, Chicago....... A. Clal'k & Sons. 6 I.. .. .)......:...... ...... I.. .... 
Lee. Hartwell... . . . . . . .. Tulley........ . 1 6 . " ... ...... ......'...... ...... 
Lockyer, London.. . . . . .. ................ 6.25. .. . . . ' . . . . . . 1 8.5 1 ' . . . .. ....... 
Monckhoven, Genth. . . .. Cooke.......... 6 . . . . . . 1 ' . . . . . 7.5. . . . " ...... 
Lord Lindsay, Dun Echt. Cooke.......... (j . . . . _. . . . . . 6 . . . . " ...... 
-.Madras.......... Dollond........ 611 ...... ...... 5 ..,... ...... 
W oIf, Zllrich ....... . . .. Dollond. . . . . .. . 6 6 ? . . . . ., ......1 8 . .. . . . 
Schmidt, Athens... . . . '.. Dollond........ 6 6 11 . _ . . . . ' . . . . .. ...... ...... 

chocnfeld,BonIl........ ................ 6 ...... ...... ..... ...... Heliometer. 
1\1oesta, SantIag-o , ....... Young, Fitz.... ...... 6,4.... ..'.... .. ,103.7' '...... 
High School, Philaèelphia :'tlerz........... ...... 6 . . . . . . . . . . ' . : . . . . . . . . . . . . 1 R 8 . ' 5 ft
 I .. . . . . . . . . 
Trouvelot, Cambri(ke... ' 1IlCl.Z....... .., . 1 .... .. 6 r 
Peek, Columbia College.. A. Clark & Sons. 6 ......'.... .. ...... ...... 
Durham IT 
iversity . . . .. l
oss.......... . , 5 . . .. . .. ... . .... ..... I . . 
-,Lucknow........ Troughton...... 5.5 ....:: ...... .:..
.I.....: .:
.. 
Broun, Trevandrum..... Dollond...,.... 5 ........ ... . , 7.
 ,...... .... '" 
U.S.Tran8itVenusCom. A.('lark&Sons,: 1) ......'...... 5 ft. ......,...... 8 instruments. 
Loomis, Yale Co lIege . . .. Dol/ond....... . I !í . . . . . . . . . . . . I , . .. . . . . . . . 1 8 0 0 I .' n ' . 1' . . . . . . . . . . ' . . . . . . . . . . ' 
Curley. Georgetown..... f.imms........ 5 
Pickering.. Harvard ColI. Merz....... . . .. ...... 4 , . . ....\ 5 ft. :.... .. ...... 
Luther, BIlk. . . . . . . . . . .. ...,... ....... . 1 " .. .. 4 . . . . .. ...... ..oo.. ...... 
Tebbutt,NewS. -Wales.. ................ 4.5 ...... ...... ......;..... , ...... 
Bruhns, Leipsic......... ................ ...... ......' 0.117...... ...... 1.96 
Lord Lindsay, Dun Echt. Itepsold........ ..... . , 4 I . .. . .. ..... . j . . .. .. ...... Heliometer. 
Carrington, Red Hill.... Simms.........1 4.5 ...... ...... 4.3 .... ..,... ., 


REMARKS. 


and many others. 


---....- 


TI-IE JOURNEYINGS AND DISPERSAL OF ANI
IALS. 


I N his recent elaborate work on the "Geographical Distribution 
of .L\uimals," 1\lr. Alfred Uussel WalIace gives mucb attention 
to the subject of migrations as among the means of dispersion, :-Iud from 
his copious treatment of the snhjcct, and yarious other sources, we 
glean the following hrief particulars upon this subject: 
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'Vinge(l insects are perhaps, of all, most admirahly adapted for 
the special conditions found in one locality, and the barriers against 
their permanent displacement are numerous. Thus many insects re- 
quire for their subsistence succulent vegetable food during the entire 
year, which, of course, confines them to tropical region!;; some are 
dependcnt on 1l1Ountain-vegetation; some subsist on water-!}lants; 
anù yet others, as the Lepidoptera, in the larva state, are limited to a 
single species of plant. Insects have enemies in every stage of their 
existence; foes are at hand ready to destroy not only the perfect 
form, but the pupa, the larva, and the egg; and anyone of these 
enemies may pro"e so formidable, in a country otherwise well adapted 
to them, as to render their survival impossible. But, on the other 
hand, most varied means of dispersal carry insects from their natural 
habitats to distant regions. They are often met far from land, carried 
t hence by storm or hurricane. Ilawk-moths aTe sometimes capturell 
hUl1l1reds of miles ii'om shore, having taken passage on ships which 
neared tropical countries, and l\Ir. Darwin narrates that lw caught in 
the open sea, seventeen miles from the coast of South America, beetles, 
some aq natic and some terrestrial, belonging to seven genera, and 
they seemed uninjured by the salt-water. Insects, in their unùeyel- 
oped state
, make their abodes in solid timber, which, transported by 
winds and waves, lllay carry its undeveloped, winged freight great 
t1istances. Tropical insects are not unfrequently captured in the 
London docks, where they have been carried in furniture or foreign 
timber. Insects are very tenacious of life, and nearly all can exist 
for a long time without food. Some beetles 1)ear immersion in 
strong spirit for hours, and are not destroyed by water almost at 
the boiling-point. These facts enable us to understand how not 
only by means of its delicate wings, but by winds, waves, volcanic 
dust, and a thousand other agencies, insects may be carried to re- 
mote regions. 
l\Iollusca, which are less highly organized than insects, lwve, of 
coursp, limited appliances for journeying, and their dispersal and dis. 
triblltion may involve long periods of time. Fresh-water mollusKs are 
very widely distributed, and this is accounted for by l\Ir. Darwin by 
the fact that ponds and marshes are frequented by wading and swim- 
ming birds. These carry away with them the seeds of plants and the 
eggs of mollusks. True land-shells are exceedingly sensitive to salt- 
\,;
ater, and yet they are founel all over the globe. Experiments on 
their power to resist sea-water show that a membranous diaphrrrgm, 
which they sometimes form over the mouth of the sllell, enables them 
to survive Inany days' immcrsion in it. They may lie dormant for a 
long time, some baving lived between two anù three years sbut up in 
boxes; and one snail, from the EgJptian Desert, was found to he alive 
after having been glued for four years to a tablet in the Briti
h 1\Iu- 
seum. These facts render it quite possiLle that they lnay cro
s the 
"'VOL. x.-37 
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sea in the chinks of drift-wood, find this is probably the means of 
their dispersal. 
The inhabitants of the sea. seem to haye unlimited facilities for 
journeying, but when we remember that cold water is essential to 
many fishes, tropical warmth to others, and the deep 8ea an effectual 
Lan.ier to a large number of species, it is apparent that the Atlantic 
may be as impassable a gulf to fishes as to land-animals. Distinct 
ri vel' systems are sometimes inhabited by the sanle species of fresh- 
water 61'h, which indicates that they have some means of dispersal 
over land. This may be accomplished by changes of level giving risc 
to altered river-courses and new water-1Jasins, to transportation of the 
eggs by ducks, geese, aquatic birds, and even water-beetles, and to 
the agency of whirlwinds and hurricanes, which carry UI) con8iderabl(' 
quantities of water, and with it small fishes. 
Reptiles Jmve very limited means of dispersal. Snakes are tle- 
l)endent on climate, being comparatively scarce in temperate and cold 
regions. They entirely cease in 62 0 north latitude, and are not found 
above 6,000 feet on the Alps. They swim rivers easily, but, since they 
are rarely met on oceanic islands, it is inferred that tJwy have no 
means of crossing the sea. Lizards are also tropical :mimals, though 
they are found higher on the mountains and farther north than are 
snakes. They possess some means of crossing oceans, and frequently 
inhabit islands where there are neither snakes nor mammalia. The 
amphibia extend farther north than true reptiles, frogs being found, 
sometimes, beyond the arctic circle. Salt-water is fatal to them, and 
they are probably effectually Bmited by deserts and oceans. 
It ,,
ould seem, at first, that birds are limited by no barriers, and 
that a study of their habits could scarcely throw any light upon the 
causes of animal distribution; but remarkable contrasts in the extent 
of their range are presented by different groups of birds. Thus, the 
guns (Laridæ) and l)etrels (Procellaridæ) are great wanderers, a few 
being found, with scarcely any variation, over almost the entire globe; 
other species being restricted to one of the great oceans; while par- 
rots, pigeons, and many small perching l}irds, are confined to islands 
of limited extent, or to single yalleys or mountains. Some birds, such 
a
 the apteryx, ostrich, and cassowary, have no power of fligllt, and, 
of course, limited means of dispersal. The short-winged l}irch:, such 
as wrens and toucans, are able to fly but a s110rt distance, and only 
species endowed with great powers of flight can cross extended" idth::- 
of sea. Violent gales sometimes carry small birds accidentally to 
foreign countries, as is shown by the large numbers of N ortb Ameri- 
can stragglers which reach the Bermudas. Inadequate supply of food, 
afforded by the vegetation of a country, ocean
, and even large rivers, 
may serve as effectual barriers to the dispersal of birds. The presence 
of enemies, of either the young, the eggs, or the parent-birds, may 
limit the range of a 5pecÏes. In the l\Ialay Archipelago }}igeons are 
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said to "abound most where monkeys do not occur, ana in ::;outh 
America the same birds are comparativdy scarce, in the forest-plains, 
where monkeys are very abundant, while they are plentiful on the 
open plains and campos, and on the mountain plateaux, where these 
nest-hunting quadrupeds are rarely found." 'Vhen we consider that 
the pigeon is the most careless and awkward of birds in the construc- 
tion of its nest, it is not difficult to understand how formidable an 
enemy it must have in the artful and wary monkey. 
The term migration is strictly applied to the annual movements 
of birds and fishes, which take place in large bodies, and are imme- 
diately connected' with the process of reproduction. In all temperate 
regions a large number of birds reside temporarily. Some arrive iu 
spring, and leave ill autumn; othf'rs arrive in autumn, remain during 
the winter, but depart in spring; and yet others, birds of passage, pass 
through the country twice a year, without long delay. The species 
which winter here are those which build their nests and rear their 
young farther north, and in returning, on the appearance of spring, 
they simply act as do those whose homes are nearer tbe equator. The 
birds of passagt', like our winter-birds, have their breeding-quarters 
nearer the poles, but, like our summer-birds, seek a warmer c1imate . 
for the winter. The arrival of migratory birds from warmer regions 
seldom varies more than a week or two, though their departure is 
more dependent on the weather, and consequently less constant. 
The migratory l)irds of Europe seem to llave a definite route: 
they" go southward to the 
Iediterranean, move along its coasts east 
or west, and cross over in three places only-either from tbe south of 
Spain, in the neighborhood of Gibraltar, from Sicily, over :i\Ialta, or 
to the cast by Greece and Cyprus." The passage is mostly accom- 
plished by night, and is undertaken only when there is a steady wind 
from the east or west, and when there is moonlight. It is an interest- 
ing fact that the males often leave before the females, and both parents 
before their offspring; the latter, however, rarely go so far as do the 
old ones. On rpturuing they vary their course, l:iome following the 
old, others adopting a new line of travel. In connection with the 
routes taken by European birds, it is suggestive anù intercsting to 
note that fossil remains of huge animals, and the shallow waters in 
this part of the l\lcditerranean, indicate that Gibraltar, Sicily, and 
:\lalta, must have been at no very distant date united with Africa; the 
submersion of this land involved considerable time, and tbe change 
coulcl hardly have been perceptible from one year to another. It is 
natural to conclude that the migration, which was at first a land- 
passage, would be kept up over marshes, then over a channel, and 
finally over the sea. The sea-passage is a dangcrous one for birds, 
and, from the immense flocks of quails which annually undertake it, 
large numbers are drowned when the weatlwr proves unfavorable for 
the passage. 
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The migratory mOVCllwnt of the North American birds is almost 
wholly limited to the Atlantic coast, a smaller number being perma- 
nent residents than on the Pacific coast, or in corresponding European 
localities. In )lassachusetts the regular number of summer visitors is 
106, while there are only 30 species which remain all tIle year. The 
number of permanent residents increases as we go southward, but 
during the breeding-season in any single locality it increases as we go 
northward until we reach Canada, where more species rear their young 
than in the Southern States. The extent of the migration of certain 
birds has greatly altered within a limited period of ol)s<>rvation. A 
:Mexican swallow (IIir'ltndo htnifrons) first appeared in Ohio in 1815; 
its yearly range increased, until in 1845 it had reached l\laine and 
-Canada, anc1now its annual migrations extend to IIudson's Bay. The 
rice-bird, or "bobolink," enters the Southern States in Apri1, passes 
northward un til in June it reaches Canada, and stops in its westerly 
course at the Saskatchewan Rh
er, in 54 0 north latitude, having 
widened its range continually as wbeat and rice were cultivated oyer 
more extensive areas. 
.... A nocturnal concourse of birds sometimes occurs in the neighbor- 
hood of large towns near the cnd of summer, in stilJ, cIoudy weather. 
The notes of well-known birds may be recognized by the skillful or- 
nithologist, at one time faint in the distance, at another near by, while 
occasionally tIle stroke of a wing gin's a sense of nearness to tllese 
remarkable visitors. It is supposed that these noises proceed from 
migratory birds whic1l, having lost their way, are attracted by the 
light from strect-laml)
. 
It is thus obvious that the migration of birds is no mere ar1itrary 
matter, but is governeJ by laws susce})tible of intelligent interpreta- 
tion. 'Vant of food is the most evident canse of their journeyings. 
As it becomes scarce near the end of snmmer in the extreme northern 
limits, those individuals which feel the pre8sure of want seek it else- 
where, and, in doing so, they press npon the haunts of other birds, 
until the movement which began in the north has extended to the 
southern limit. The power of flight in hirds makes it pos
ible for 
them to cross a moderate breadth of sea and unlimited extent of 
country, and, traveling as they do, mostly at night and high in the 
air, their movements seem mysterion
, simply because they are diffi- 
cult to 01serve. But, let us map their comings and goings faithfully 
as we may, there yet remains the unanswered question, How do these 
little vi
itants find their way so unerringly from one })lace to another, 
over great distances and apparently unexplored routes? 
Some of the largest lJIammalia are not stopped by any physical 
obstacle in their journeys over whole continents. The rhinocero
, the 
lion, and the tiger, have great powers of dispersal, and their possible 
range is unlimited wherever there are land and sufficient food. The 
elephant climbs to mountain-tops, difficult of ascent for man, crosses 
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rivers, and finds its way through the densest jungles. Other grouvs 
are nllwh more limite<l in their wanderings, as witncss the monkeys, 
lemurs, and apes, animals so strictly adapted to an arboreallifc that 
they cannot roam far Leyond forest limits. Equally essential to the 
existence of other8 i8 the desert or open country. The range of nlany 
l1lammals appears to he limited by climate, or by its resulting vege- 
tation. Thus the Quad"ulIl,ana are chiefly found within an equatorial 
belt of 30 0 wiJe, but these animals live almost exclusively on fruit, 
which is the abundant product of the tropics. The polar bear and 
walruq, which, in a natural state, are limited by the frozen ocean, in 
confinmnent may live in temperate regions; the tiger, once regarded as 
a. purely tropical animal, now has his permanent home in l\Iantchooria, 
a country of almost arctic climate; and, in post-Tertiary times, the 
elephant and rhinoceros roamed over the northern continents, eyen 
to regions beyonù the arctic circle. IIence it does not follow that 
animals, which we now see inhabiting extremely warm or e
tremelr 
cold climates, may not, under changed conditions, thrive equally well 
elsewhere. 
Valleys and rivers often prove effectual barriers to mammals. 
Thus, in the plains along the Amazon, many species of insects, bird::;, 
ana monkeys, are found extenàing to the river - bank on one side, 
which do not cross to the other. Ana on the northern bank of the 
Rio Negro there are found two monkeys, the Bi'achiu1'll8 couæion and 
the Jacchu8 bicolor, which are never seen on its southern bank. 1\Iany 
mammals can s\vim well for short distances, but none oyer any great 
extent of sea. It is not unusual for the bear and bison to swim across 
the 
1ississippi, and from Lyell's "Principles of Geology" we learn 
that in 1829, during the floods in Scotland, pigs six months old, which 
were carried to sea, swan} :five miles back to shore; and it seems en- 
tirely probable that wild-pigs, from their greater activity and power 
of endurance, nlight cross arms of the sea twenty or thirty miles 
wide, and facts in the distribution of these animals lead us to infer 
that they have sometimes done 60. Lemmings, rats, and squirrels, 
often migrate in enormOllS bands, but they general1y perish in the 
sea-water. .And, admitting that many mammals have power to swinl 
consil1era1le distances, it remains true that a channel ten or twenty 
miles wide would, in most cases, prove an effectual barrier to them. 
The bats, provided as they.are with wings, and the Cetacea, which 
swim, have exceptional powers of dispersa1. In the arctic regions 
glaciers give riRe to icebergs; these descend to the sea, often carrying 
with thcm masses of earth and some vegetation. Such arctic quad- 
rupeds as frequent the ice, as weII as occasionally true land-animals, 
might often be carried from place to place in this way. But the up- 
rooted trees and rafts of drift-wood which ft.oat down large rivers and 
out to sea, are more effectual agents in the dispersal of animals. Such 
islands or rafts are sometimes se
n drifting hunl1reds of nliles from 
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the mouth of the Ganges, bearing upon their surfaces erect, living 
trees. And the .Amazon, Orinoco, and in fact most large river
, pre- 
sent at times similar spectacles. fIere, then, is most ample opportunity 
for carrying all small arboreal animals out to sea, and, although tlH'y 
are liable to perish, unusual tidal currents may bear thenl great dis- 
tances safely from their native country. 


.. . 


THE EARLY 1.IAN OF NORTII Al\IERICA! 


By A. R. GROTE, 
DIRECTOR OF THE BUFFALO SOCIETY OF NATt:"RAL SCIEKCES. 


A CHILD is not fully formed in body or developed in mind when 
it is born. It behaves at first without experience. That is the 
reason we do not always understand baby when it "acts so." Our 
own behavior is the result of our experience. Daby moves its hands 
and twists its legs without knowing wllY. Rnt it gradually selects 
from among these movements those w}1Îch are found to satisfy its 
wants, and in the future performs such actions only. It uses its 'voice 
in the same way, as shown by Taine and other writers, gradually 
picking up such words as it :finds are answered. Again it acquires, 
always by experience, the idea of distance. The moon seems so ne:u 
that the child wants it taken down to phy with; while the position 
of objects close at hand is equally misjudged. And so with the 
senses of hearing, smelling, tasting, and feeling. 
It does not know at firRt where the pin is that pricks it; and, en
n 
if we slap it on the very part recommended by Dr. John Brown for 
the purpose, baby will not be able to locate the injuries, though it 
may have a general sense of discomfort, and n'sent the injnstioe in its 
feeble little way. Just as it passes through a process of self.educa- 
tion by experience, its mind receives constant correction as to tl1C 
nature of surrounding objects. Baby's principal opinion at one time 
is, that inanimate things possess like feelings and properties with 
itself. This idea of baby's we sympathize with when we pick up 3 
chair over which it has stumbled in its efforts to walk, and })retend to 
whip" that naughty chair," until baby stops its crying and is pro- 
pitiated by the supposititious sufferings of the chair. This personifi- 
cation of objects is less and less obtruded as the baby grows and be- 
comes 1)etter acquainted with the nature of its surroundings. But it 
is hardly ever entirely dropped, even in after-lif(), when it l)ecom"es in 
us transferred to matters beyond the reach of our knowledge. These 
observations on our children become important when we study the 
actions of races of men less cultured than our OW11. 'Ye find such 


1 A lecture delivered under the auspices of the Buffalo Society of 5 atural Scimces. 
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raccs using their hands to less advantage, as well as othcr bodily 
organ
, the seat::; of the sens
s. 
Savages pxercise their minùs less, and personify more than we do. 
Like children, thcy say more readily no than yes to all questions 
affecting their bodily advantage. They are afraid of change. All 
chïldren and all savages are conservative. The savage has not lJassed 
the mental state of our own children. It is impossible for a child to 
conceive of any change in the world outside until it has had some expe- 
rience of such changes and bas reflected upon them. Even then it is 
hard for the chilù to understand the appearance of this city of Bu1f.'1lo, 
for instance, ten years before the time when its mind first received 
permanent impressions. It is from this faët that youth appears so 
long when we look back upon it, as well as from the fact that our 
early impressions made upon the" clean slate" of the brain are mOI.e 
enduring, underlying and peering through our subsequent experiences. 
Even to ourRelves, sensible to the hope of change, and therefore of 
a bettered condition of things, it is diffieult and eyen distasteful to 
turn to the recol'll of the past and make it give up its dead. It is 
hard for us to make a mcntal picture of the site of this city when 
Red Jacket lived hereabouts; scarcely possible, when, farther back 
still, in 1687, La IIontan traversed this place. But in the history of 
North America we can go back by the light of creditable documents 
to the ycar 986, whcn Biarne, the son of Bardson, set sail from Ice- 
land, and, losing his way, came in sight of Newfoundland. Back of 
the earliest discovery by our race of this contincnt of North Amcrica 
must lie the history of the Indian. In l\Iexico traditional historic 
accounts take us back as far as the sixth century. And, for a still 
earlier time and its events, we have to penetrate the surface of tbis 
continent itseìf. The earth holds the further answers to these ques- 
tions. In a story of ancient Greece, we read that there was a di
pute 
as to whether Salamis had formerly belonged to the Athenians or the 
)Iegarians. 'Vhen it was referred to Solon, he caused the grayes to 
be opened. It was foulld then that their occupants were buricd accord- 
ing to the custom of the Athenians, and not of the 
Ieg:ìrians. The 
dead men settled that question. The testimony of the dead Athenians 
dispensed with the formula of an oath, and was yet accepted. No 
appeal was necessary after such evidence, just as no statute of limita- 
tion coulù bar a trial of such importance. It was a case of supple- 
mentary proceedings that commandcd respect. 
The earth of this continent shows us that before the Indians there 
has been a people whom we call 3Iound-builders-that is, mounds 
'were thrown up here by men whose bones we find in them, lying 
nmong rough tools and utensils, and after tJte mounds we name the 
race, who, perhaps, were not a different people from the Indian
. 
But for these mounds we would not know of the men who built 
them. They are mentioned in no history, human or divine. 'Yh3t 
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was there before the Dlound-builder? I would speak to-night of 
what must have been long before his time-of early, though perhaps 
not earliest, man in North America. 'Ye must know this em'ly man 
by onr experience of his traces. N ew ob
ervations of fact and the 
ideas they have awakened in myself are put forward, so that you ma)T 
judge of the reasonableness of the conclusions. And here any boy 
will afford a competent illustration of the evidence. Almost the fint 
thing that our boys do is to throw stones. It is one of tl1eir ways 
of saying No. There is 1ll0l'e than one parallel between savages and 
our boys to be maintained. Just as the state of lllind of tlw adult 
savage is parallel<>cl by that of our children, so we must expect that 
so common a weapon as a stone is to our boys mu
t l)e extensively 
used by savages. And this, in fact, is what we do find. There was 
also a time when this stone-throwing was the occupation of grown 
Inen of our own I'ace. Stones were used in the warfare of the Celt 
and the Roman. \Ve remember that David, a Semite, used a pebLle 
from the brook. And we shall find that men of other I.aces, and 
before David, resorted to the same weapon for all the purposes which 
in David's time, and with his I'ace, were partly s8rved by metal
. 
There is, then, not only a })aral1el to be drawn between our boys and 
savages in certain ways, but there exists one between these boys of 
the present and our own men of the past. Just a
, when cutting into 
the crust of the earth, we find the remains of animals Hlld plants which 
once inhabited its former surfaces, the simpler fOI'ms 1)elow, the more 
complex above, so we find the remains of man's tools and implements 
in the clays and gravels of the last geological period of the globe, 
and with a like sequence in their character. The oldest and lowest 
forms of tools are simplest; tJ.le newer and nearer to the present sur- 
face, the more vm'icd and complex. \Ye llave seen that the simplest 
weapon nlan could use would be a stone. Even now a wagoner with 
broken cart looks around naturally for a stone to pound with, and so 
mend his ways. He picks up a stone on occasion as his ancestors did 
on mo
t occasions. For the moment he is in the Stone age. And lw 
uses wl]at the earliest man must 1l3.ve undouhtedly used, a stone just 
as it is. There must have been a time when men picked up such 
stones as came in their way at the moment with which to throw at 
animals, to break their food, to injure their fellow-men. Such stOlH'S, 
unaltered by use, can no longer be identified. 
It is easy to see how, tbrough long lapses of time, men continued 
to select stones, with an ever-increasing care as to their sha}w and 
size. The best to fling, the surest to hit, the sharpest to cut, were 
picked out, assorted in leisure moments, stored for future use. The 
hunter, meeting with game, could find no stone suited to bring it 
down at the moment, and so came at last to carry this primitive slwt 
about with him in his hunting. The way from such a process, and 
a mode of improving the best of these stones ùy an artifici:11 changing 
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of their shape anù size, were clearly pointed out by experience. And 
there must have been a gain .in the }u'ocess to such an inventÌYe tribe. 
No more were long searches for properly-sized stones Ileees8ary. 13y 
means of harùer stones others were chipped a11<1 8haped, and so much 
time was gained from looking for stones and devoted to obtaining 
fooù. And tribes using arlificiany-shaped stones must have had a 
superiority over those who relied on \V hat natural stones they found 
at the moment. They stood in less danger of starvation. In the 
absence of other remains, the presence of roughly-fashiolletl stones 
will be the earliest reliable trace we shan find of tl1C existence of 
men. In Europe such stones have been found and described by sev- 
eral oLservers. In North America we owe their discovery to the zeal 
of Dr. C. C. Abbott, aided in funds for excavation by the Peabody 

Iuseum of Archæology, of Cambridg<>, 
Iassachusetts. The rough- 
stone implements discovered by Dr. Abbott in New Jersey are chip})ed 
so as to form an irregular cutting edge. They are flattened on the un- 
der side and broken to an edge from the upper. The material itself 
is basalt, a common kind of mixed rock of compact te
ture. As we 
find them, the surface is slightly rusted, from the particles of iron in 
the stone. This kind of rock is common, and the tunnel of the Erie 
Railway at Jersey City is cut through stone of this kind. Korth 
American rough-stone implements vary little in size and pattern, 
although, when we examine all the kindred rough-stone im})lements 
of the world yet known, we see that, as a class, they become grad- 
ually Illore determinate in their shape and the chipping more regular; 
they come Illore into the shape of spear-heads, and, perhaps, large 
arrow-points. Above the rough-stone implements we fin<l those of 
polished stone; a departure showing that man was no longer Ratis- 
fled with bis first rude fashioning of- his implements. Then "We find 
the metals; 3.nù of these copper, being nlOre pliable, is first beaten 
cold and worked into shape for use. TlwI1 the proce

 of smelting 
and mixing with harder metals, snch as iron, came to be employed; 
and to-day we are doing just what man has always done, improving 
our tools so that we may better our condition. 
Suryeying the whole field gone over by scientific men in recent 
times, we must say that these different ages h:l\re merged gradually 
into one another. The age of rouglJ-stone implements or paleolithic, 
the age of polished-stone implements, or neolithic, the ages of cop- 
per, bronze, ana iron, have succeeùed each other without the lwssibil- 
ity of our drawing- the dividing line, any more than we can :"ay exactly 
when what we call the miùùle ages ceasí'd and modern time came in. 
Certain implements are, indeed, rough 
tone, anù others polished, 
but between them are intermediate specimen:", and l)oth kinùs seenI 
to have been sometimes in use at the same momCl)t with the same 
people. Again, the introduction of bits of copper in SOllle of the 
earlier graves precedes the fashioning of copper axe
. It is a similar 
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question to that as to species. It is not necessarily each time :1- 
different people, but sometimes the same, at first using a. more simpll' 
and then a nlOre complex implement. ...\11 mankind have not pro- 
gressed equally. Some are in the Stone age now. There have been 
arrests in development, and a comparison of the points which the 
different races have reached will show the differences in standing 
between them. In Europe, Lyell has given a very complete account 
of the different kinds of implements found in one locality, the valley 
of the Somme. In the peat-bogs on either side of the river are found 
Roman weapon
, belonging to the age of metals. In the gravel and 
clay-beds below, polished and rough stone implements are found. In 
North America the iron tools are wanting. The Inòian was in the 
Ston"e age at the advent of Europeans. The 1\Iound-builders had used 
copper, but the process of smelting and the use of iron had not beeu 
reached hy them. 1 
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In the accompanying diagram, ,v]1Ïle I have indicated the geologi- 
cal succession of the implements of man, you must bear in mind 
that, since stone implemellts are yet used in sonle parts of tile world, 
they are t}wre found in surface or alluvial deposits. But for our race 
the Stone age has passed, and, to find in Europe the implements our 
forefathers used, we must go in most cases into lower than surface- 
beds. And Dr. Abbott has drawn attention to the fact tl)at tlwre 
is a great similarity between the Korth American and European 
rough-stone implements. This does not indicate so much identity of 
1 The difficulty of supposing man to have been originally introd';1ced into "S orth 
America during the Quaternary lies in the fact that he was most probably in the PaJeo- 
lithic age when the migration was made. This difficulty vanishes, if, as I suppose, man 
entered upon posse
sion of this continent during the Pliocenf>, before the Ice period had 
interfered with a passage from the north by land. This will leave US free to consider 
the American ci,iliz:Üions indigenous. 
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race as identity of culture, while there iH grcat prohability that both 
are implied. \V' e must remember that as we go back in time we 
should find the races of men less numerous than at prescnt-the 
nearer we get to the common stock from which it is believcù all man- 
kind must have sprung. The survival of stone implements is not 
unlike the persistence of older forms of life. The gar-pike (Lepidos- 
teus bison) still inhabits our lakes, but the age when the ganoid type 
of fishes l)l'evailed has long gone by. In order to make the age of 
the North American rough-stone implements clear, we must study the 
geological evidence. 
Clay and gravcl are made, we know, frOln the primitive rocks. 
The atmosphere and the rain loosen large pieces of rock from the 
mountains, and they are broken in the beds of streams by the action 
of the water. The fine particles are produced by the rubbing of the 
stones together; the water grinds the brokcn rocks down smooth, 
and makes pebbles of them. Gravel, sand, and clay, produced in this 
manner, become sorted out by the action of the water, or stratf{ied. 
:From a study of the action of exiEting glaciers or ice-masses on the 
,Alps, or in the North, it is seen that clay and gravel are also made 
from the primitive rock, ground out by the slow movement of the ice. 
The mass of dirt and stones is discharged at the edge of the glacier 
mnch as a bar is formed by a river. 
But there is this difference, that the bar made by the glacier, and 
which we call a morainp, contains its gravel and clay and bowlderf:, in 
a confused maSR, with little sorting, and thus u'nstrat'i.fied. Now, these 
rough-stone implements have been found in K ew Jersey by Dr. Ab- 
bott, in unstratified beds of material, which are evidently, from their 
composition, ancient moraines. There are, we know, different degrees 
of evidence. A fact may be either demonstrated, or shown to be prob- 
able, or possible. I lea\.e it to yon to judge whether these circum- 
stances do not demonstrate that North American rough-stone imple- 
ments are as old as the beds in which they are found. To me, it 
seems clear that the men who used these rough tools dwelt on tb
 
edge of the glacier, and their implements have become buried in the 
moraines which were forming at many different points during the ice- 
period. N or can we refuse to admit what this dcmonstrated fact 
implies, the great age of man in North America. I have taken, on 
a former occasion, the sum of 100,000 years as the time that h:ls 
probably elapsed since the retiring of the .glacier from the yalleys 
of the 'Vhite 
rountains, in New IIampshire. This figure was a1"- 
riv.ed at after a calculation based on the ratio of movement of bodies 
of ice, and the round numl)('r m:1Y be consideretl as an \uHler rather 
than over estimate. But,:1t whatever time during the glacial epoch 
the moraine was formed, in wllÍch Dr. Al.>bott found these implements 
of early man, it is quite clear that this ].;:nowledge :1lone will not gi\-e 
us the duration of man's existence in North America; for it is certain 
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that man could not have originated at the foot of the g1acier. The ice 
must have met him toward the c10se of the Tertiary period in the 
northern parts of Asia and America, and forced him southward; or, 
at a later time, it nlust have found him on the main belt of this conti- 
nent. The Tcrtiary origin of man is presupposed, ft.om the fact that 
IIC had submitted to a race-modification fitting hinl to eudure the 
cold. 
Let us consider for a moment what this glacial epoch really was. 
As to its occurrence, the ice has left its mark on the rocks, and we !:)ee 
its moraines and transporteù bowlders over a vast portion of this con- 
tinent from Virginia to the Pacific. There is no douùt that a vast 
ice-sheet, a continental system of glaciers, was here at a distant time. 
It has transported masses of rock, and left them on the summit of 
J\Iount 'Yashington, where they still remain, and to do this it must at 
one time have overtopped the mountain. The ice gradually spread 
from the nortb, and its progress was slow, as we judge of time-so 
slow that it must have seemed immovable and unchanging from year 
to year, to the man of the erJoch, just as it seems to us now; and just 
as slowly as it advanced it retired again to where it is to-day. 
The glacial epoch comes in between the 11resent or Quaternary 
division of time and the Tertiary. In order to estimate its effects, 
we must ùriefly consider the aspect of the earth before its ad vent and 
in the preceding epochs. 
There are two IH"ineipal conclusions to be drawn from an examina- 
tion of the fossil remains of plants and animals during the Tertial'Y. 
The first is, that the climate over the largest portion of the globe 
was then equable. There were then apparently no seasons-the SUll1- 
mer seems to have been perpetual. TJIC proof of this lies in the fact 
that there was a general distribution of plants and animals oyer the 
whole surface. In Greenland and Arctic America there were forests 
of trees, as attested by the remains of their trunks, stumps, and 
leases. The sanle regions reveal to ns coal-fields, and the fossil re- 
mains of reptiles like those we find in beds of the now temperate 
zone. '\Ye find beds of coal on desolate islands in the Southern 
Pacific Ocean, is1ands so cold and barren as to afford now but weak 
and little plants; whereas these beds of coal attest the presence once 
of a luxurious vegetation, of which they are the remains. 
The second conclusion is, that tlle Tertiary was the richest in the 
number and kinds of the higher animals as compared with the present 
or any preceding geological period in the earth's histor)
. Then our 
Territories supported all the varioUF; kinds of animals, for instance, 
'Which culminated in the horse. The remains of hundreds of species 
of animals have been collected by Prof. 
Iarsh from a rf'gion which 
now supports but very few. 
Prof. IIuxley has, by his now famous lectures in K ew York City 
the past year, made })opularly known tbe discoveries of fossils by 
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Prof. 1\1ar811 in the Western cretaceous and tertiary beds. It remains 
but to ad(l a link to the genealogy of the horse, discovered by Prof. 
l\1arsh since the time when Prof. Huxley lectured. Yon will remem- 
ber that Prof. IIuxley showed that there was a regular series of pro- 
gressive forms from the Eocene Oroldl1J'us to the recent horse, in the 
character of the teeth, and in the structure of the fore and hind feet. 
There was more than that, perhaps, when we consider that there was 
an increase in size, in length of limb, and consequent activity, of the 
animal In the Oroltippus we have four toes on the front and three 
011 the hind limbs, and so far Prof. IIuxley was aùle to trace the 
genealogy of the horse with its single toe down toward the type of 
mamDlals with five toes. But we call now go a little further in the 
process of the evolution of the horse. In New 
1exico, in a fossil 
hed, the horizon of which is below that in which the Oroltippus oc- 
cars, Prof. .I\1arsh lJ3.S found the remains of an animal which he calls 
the Eultipp'lls. The feet, which are very much like those of the Oro- 
hlppus with their weJI-clevelope(l four toes in front and three behind, 
show a rudiment of the outer or fifth toe. The EohiJ)]JUS was an ani- 
mal as large only as a fox, though perhaps a little stouter, and, from 
the structure of its limbs, is the nearest yet discovered progenitor of the 
horse to the usual five-toed mammalÜm type. And in his lecture Prof. 
IIuxley anticipated the actual discovery of the EohißjJus by showing 
that such a form Dlust have existed as the progenitor of the four-toed 
horse. .....<\,.nirnals, also; which were the prototypes of the camel, haye 
ùeen there discovered by Prof. Cope. Strange if, at the time when 
the whole earth presented such a profusion of vertebrate life, man 
should not also have appeared upon tbe scene! The conditions were 
ne"\ er so perfect, ei ther before or since. Over this field of luxu- 
riant life, the cold broke in. The ice commeneed to form, and then 
to move in masses, scattering or extirpating tIle 1)I:mts and :mimal
. 
There were migration and adaptations. Sueh animals and plants as 
could adapt themselves to the cold persisted. To proba1>Iy smooth- 
skinned elephantoid types, tl10 woolly mammoth succeeded in tIle 
northern regions. Stunted willows replaced tree-like plants of the 
same botanical family. If it met man, it must equally ha\'e modifie<l 
his habits of life and hi
 physical characteristics. It must have m
ac 
somet11Íng like an Esquimaux of him. .As to the cau::;e of the glacial 
ppoeh itself, from a studJ of all that has as yet l)een said on the sul)- 
ject, we must ascribe it to upheavals of land in the north, and a 
change, perhaps a consequent change, in the earth's poÛtion toward 
the sun. There was, it ::;eems, an elevation of the earth's erust and a. 
variation in the earth's axis; whic11 latter, in or<1er to have In'odueed 
the climatic effects of former geological periods, mns:t apparently h
\Ye 
been more nearly perpe.ndicular than it now is. It is prohahle that 
oscillations then set in, which may make a second glacial ppoch prol)- 
al)le, although of this we cannot 
peak with certainty. Evidence is 
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ah-eady at hand, collected by European observers, that tl1c glacial 
epoch itself was not continuous, but intermitted by a warmer time 
during which the ice retreated to reoccupy tbat portion of it s former 
territory from which it has now finally retircd. Prof. Dana has con- 
tributed some evidence of a similar action on North Amcrican terri- 
tory. But for our present purpose a general view of the Ice period is 
all that we need. Evidence is at hand that the glacier, at the time 
it traversed our territory, was accompanicd by plants and animals 
different from tbose now inhabiting the Atlantic States. 
Hemains of the reindeer have been discovered by Prof. Dana in 
clay-beds thrown together by the ::wtion of ice. This animal is now, 
as we know, confined to arctic regions, but then ranged the val]ey of 
the Connecticut. And there has becn a sort of natural trap set for 
the animals and plants of that time, which caged a part of them, so 
that we may examine some of their live descendants. 
It has becn found that the condition of the tops of high moun- 
tains, such as J\Iount 'Yashington in New Hampshire, and that of 
high northerll regions, are very similar. It is calculated that a change 
of one degree }1'ahrenheit takes place in the tempcrature for every 
three hundred feet of vertical height. On a level the sanle changc 
occurs for every sixty miles as we journey northward. 'Ye should have 
to travf'l, for instancc, from Boston to Hudson's Bay, as Agassiz has 
shown, before l)assing over the same range of climatic changes as we 
<10 in one day in the Alps, thus causing a narrow strip of Alpine flora 
to correspond to a broad zone of northern vegetation. The moun- 
tains are thus compressed models of the physical conditions of the 
latitudes of the surfac(>. 
In the tropics we have mountains crowned with ice, whosc summits 
reproduce the condition of the nort11-polc; and, as we descend their 
sides. we pass through belts of climate ever increasing in warmth, to 
the plain beneath, where we meet with the condition of the torrid 
zone. Now, during the glacial epoch, when the surface of our l\Iiddle 
States ","as covered with a coat of ice, the plants and animals bad 
heen swept southward of the 'Yhite l\Iountains. They bloomed and 
lived in the spring-tides that softened the edge of the glacier, and 
enjoycd the short summer that there ensued at the source of streams 
feil from the melting ice. But, whell the glacicr retircd, the summers 
over this rcO'ion becomin g 10nO'er and the winters shorter, plants and 

 ö , 
animals followed the ice and thcir congenial climate northward to the 
yalleys of New IIampshire. Out of these valleys the glacier finally 
fle p artcc1 also but not without leavinO' some of its retinue behind. 
, 0 
After the main glacier had left the valley, 1\Iount Washington and 
:\Iount Adams still remained largely covered with ice, and a system 
of local glacie1"s filled the clefts and gorges of the hills. Allured by 
these, some of the plants and insects were retained and did not follow 
tbe bulk of their companions who were on their long march to the 



THE E
lRLY .JLIN OF .J..VORTII AltIERICA. 59 1 


north. But year after year it got warmer, and the local glaciers 
shortened, extending less ana Jess iuto the valley!:!. The trapped 
insects could not then rejoin their mates, but instead climbed the 
mountain, dwelling farther aud farther up as time progres
ed anfl the 
climate changed. .A.t length they reached the summit of :\lount ,y a
h- 
ington, where we still fl.-ud some of them, and whence there is no 
f'scape. The plants formed patches in congenial spots on the sillc::; 
of the mountain, driven upward by the new flora filling the valley 
from the southward. X ow, in examining these colonists, we find 
among them the herb-like willow (Saliæ herbacect), its short stems 
hard.ly rising above an inch from the ground, and other species of 
plants which we have to go far north to meet again. There, too, 
the 'Vhite !\Iountain butterfly (æneis selnidea) appears year by year, 
swaying in feeble flight over its narrow range, while its congeners arc 
found one thousand miles to the northward in Labrador. These ex- 
amples could be easily multiplied. 
But this sort of mountain-trap was not large enough to hold such 
game as men and reindeer. These both went northward, and are not 
to be found alive with us; but the one left his implements, and the 
other its bones, to tell of their presence at that time. and in these 
latitudes. 
'Vlwn we come to the question as to the descendants of this early 
Yorth American man, we cannot avoid studying for a moment the 
movements or migrations of man over the burface of the earth gener- 
ally. I think we Inay divitte his migrations into two main classes 
from their motives: 
.l\. primitive migration-one influenced solely by physical causes 
affecting his existence, and which must bave been in more extended 
operation in early times when he waR unprovided with means of his 
own invention against a change in his surroundings. Suc]) migra- 
tions are operative now among certain of our Indians, who move from 
place to place with the game upon which they subsist and with the 
season. 
A culture migration-one arising from a certain stage of intellect- 
ual aùvancement when the movements of man are <.1etermined by 
ultimate and not immediate considerations. The movements of the- 
Indo-European races fall within this category. Besides these, there 
are to be distinguished accidental migrations, which man sul)mitted 
to against his will. \\-r e know that insects and l)1ants are so trans- 
ported. Birds and ocean-currents carry seeds frOlll land to land. In- 
sects on a blade of grass or a fallen bough are carried down a ri\'el' l)y 
the current to fonnd colonies of their r:lce far from their place of ori- 
gin. .And such circumstances give rise to races and varieties amon
 
species mollifiable hy the peculiarities of their new localities. The 
accidental migrations of man may be considered as belonging to thl\ 
epoch of culture-migration, since they must more usually. have oc- 
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curred with a race advanced in the art of navigation. A separation 
of communities under the pressure of storms, earthquakes, volcanic 
eruI)tions, may have naturally happened, however, in the earliest 
time
. N either the mall of pri1nitive nor of culture epochs is expmpt 
from the control of the elements on all occasions. 'Ye must ao-ree 
b 
that we may account in great IJart, and reasonably, for the variation 
of man by the difference in his present }Jhysical surroundings. 
The essential unity of origin of all the races of mankind is believed 
by the great majority of scientific men. 
The study of the migratioll of mankind shows us that there has 
been replacement eyerywhere; that people now inhabiting any known 
countl'y have not always inhabited the same tract of land. At the 
same time suppose our race to vanish entirely from this continent; 
leaving only ruined cities and implements behind, how difficult would 
it be to get a true history of our migration hither! Suppose again 
we had no certain account of how our forefathers crossed the At- 
lantic, how diverse would ùe our traditions! Europeans llave no 
authentic account of how they came to be in Europe. A great 
deal of our .American dogmatism and Philistinism is to be ascribed 
to the fact tllat we know our origin. 'Ve came from England or 
Germany, and that answers such questions sufficiently. It is as 
far as we usually think. But now we see that we cannot speak 
of autocthones, or people sprung from the soil they now cultivate. 
Such a boast has been made by more than one race, indeed by people 
of such ùifferent culture as the ancientt Athenians and the modern 
Esquimaux. So that we may not conclude too rashly that the 
people who have left only traces in any country are extinct, because 
they have been replaced by a different population, just as we have 
replaced in the eastern portion of North ...America the Indians. Their 
descendants may exist elsewhere. This seems to be the case in the 
present instance, and just as the same kinùs of reindeer, butterflies, 
and plants, of the time when the ice covered these States, no longer 
live here, but in a far north, so the man of the glacial epoch of the 
present United States has in all probability wandered after the ice 
-a primitive and unconscious migration determined by the shift- 
ing of his congenial physical surroundings. And the Esquimaux, 
as of old skirting the glaciers, the only inhabitants of the shores of 
Arctic America, and extending in scattered companies for nearly fiye 
hundrpd miles on the coast of Asia beyond Behring's Straits, m:lY 
well be the modern representatives in a direct line cf de
cent of early 
nlan in North America. They were found inhabiting this territory 
by Europeans first in 1616; and since that time they have been found 
as far north as we have been able to penf'trate. The limit of their 
range to the 
outhward seems to be about the fiftieth degree of north 
latitude on the eastern, the sixtieth on the western side of America 
and the shores of IIudson's Bay. 
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Our knowledge of the Esquimaux is far from complete. '!"'hey call 
themselves Innuit, not E8quimall;)', and the name signifies tILe peo- 
ple. ...:'\Jthough Ilivideù into tribes anll smaller cOlllpanies, they arc 
very uniform in their :physical appearance and custom
. ...:\.. tribe met 
with 1)y Sir John Hoss ahout 77 0 north latitude believed themselYés 
to he not only the only Esqllimaux, but the only people in the world. 
As their numbers are comparatively small, and they have a total 
range of ahout 5,000 mile
 of coast-line, it is evident how a tribe 
might exist for centuries without llleeting any competitors for seal 
an(l bear nleat in its range. The different tribes practise a sort 
of cOllllllunisnl with regard to their pO
8essions. Different families 
a well together in one house, and rely upon each other for mutual sup- 
port. So nluch, ill brief, we n13-Y say here of this peopJe. 'Vith 
regard to their affinities, they are from their speech a branch of the 
Turanian family, anù allied to the IIungarian, Turki
h, Lapp, amI 
Basque races. As to their habits, while their morals seem to be good, 
they are most voracious cater;:;, from the fact that tbey cannot always 
depend on their snpply of fooù, awl so gorge themselves when they 
get a quantity. .Parry tell
 of an Esquimaux boy who ate cigbt and a 
half pounds of 
eal-meat, one and a half pound of breaù, one and a 
haJf pint of soup, fUHl drank three win('glasses of gin, a tumbler of 
hot whiskey-and-water, anù fi \"e pints of water, consuming tll(' whole, 
between intervals of rest, in one day. They seldom wa::;h except in 
summer, in which I think they are excusabJe to some degree, in the 
absence of proper heating apparatus in their huts. 
As usual, travelers anù scientists speak badly of boys. It is 
always the boys who are ùoihg the worst actions, be they Esqui- 
maux or X e\V-Englanders. 'Yhile I myseIt
 in the present lecture, 
am guilty of this unavoidable presentation of. the facts, I yet believe 
that the most of the wrongf'1 of this world are committed by grown- 
up persons, alill I look to the growing generation of boys to make 
better anù wiser men than their fathers. They have the benefit of a 
greater amount of experimental information storerl up for them in 
books frOlll which they can take fresh d
partures in l';:llowledge and 
happiness. 
It has been my aim in the present lecture to give you the result 
of latest information on the earlier mall of North America, and at the 
same time to indicate some of the different branches of science which 
it is necessary for us to pursue in onler to un<lerstand anthropology or 
the study of man. 'Ve have called upon geology to describe the strata 
in which we find the relics of man, and to explain their probable age and 
the manner of their deposition. ..Archroology has bhown the progress 
from the simple to the complex in the various implements used by 
man, and has classified them. Ethnology has allowed us to discrimi- 
nate between the different r
1Ces of mankind, to study their habits 
and migrations, and classify their religions. Biology has cnableà us 
VOL. x.-38 
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to study the different stages through which man as an individual 
passes from infancy to maturity. Psychology, finally, has taken cog- 
nizance of the various facts supplied by the other f'('iences, and bas 
led us to understand how, man being known, and his environment 
being comprehended, we are to interpret their interaction. 
There are two conclusions which I think we are warranted in 
drawing from the facts here presented. The first refcrs to th
 actual 
relation between time and development. Just as geology teachcs 
us that the simpler organisms have existed on the earth through 
yastly longer periods than the more complex, so it shows us that 
the ages during which man used simpler and stone implements 
were greater in duration than those in whieh he has used Inore com- 
plex and metal tools. Let us compare what we are doing now with 
- metals, and what we did with them during the miscrable epoch we 
call the" age of chivalry," of which sentimentalism still gives us false 
and fanciful pietures. The seeond conclusion springs from thc first. 
As the true history of our own race shows that we came from a low 
and. brutal state, common once to all mankind, so the facts of our 
present condition give us reasonable hope for a bêtter future. Let 
us, then, stand on the highest points of knowledge in all its del)art- 
ments, for these are touched with light. '\Ve must reach these heights 
by continual reading, opservation, and experiment. The result of 
these is culture. All thought has an added beauty as it approaches 
the truth, but what is needed is to attain to clear conceptions. Our 
Impressions are blurred because we do not see facts clearly in all their 
relations, and such impressions are ugly because they are imperfect. 
1Ve are yet in the morning of culture. We are only becoming sweet, 
as wild-apple trees grafted on single boughs. It is not so much that 
we are sinners as that we are sluggish and stupid that is the matter 
with us. It is certain that thcre is a better time yet to come for our 
race upon this earth than the present. It will be reached by a con- 
tinuous exercise of our brain-power, giving us right reason at la
t, the 
permanent correctioIÍ for faults of conduct and for errors in our ideas. 
Sir Henry l\Iaine has said that" conceit and skepticism are the prod- 
ucts of an arrested development of knowledge." 


... . 
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M ANY of our readers, as their attention is arrested by the })or- 
trait we furnish this month, will glance at the name beneath it, 
and musingly ask themselves whether they have ever seen or heard it 
before. They win say, perhaps: "There were several Edwards, who 
were IGngs of England, and there was Edwards, who made a book 
upon the will; and there is l\Iilne-Edwards, the great naturalist of 
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t.he French Academy; but-Thomas E<1ward-T01n Edward-who 
is he? and what business has his portrait in 'TIlE POI){;L.AR SCIE
CE 
l\IOXTIILV, where we expect to find likenesses of only eminent scien- 
tific men?" 
'V ell, the Thomas Edward whom we represent is in his proper 
place; and, if he has not been heard of before, he ought to have been. 
lIe was certainly not a King of England, but he has becn a king and 
a hero in his own way; and we are glad to note tlmt the Quecn of 
England and Empress of India has recently honored herself by hon 
oring him. Nor has Thomas Edward, like the great Jonathau, evcr 
written on the will; but he is one of Nature's illustrations of it, 
and is himself a livinO' treatise on the force of the will. And, although 
ö 
he is not a rich Anglo-French naturalist, the pet of the Academy, and 
applauded through Europe, he is nevertheless an eminent naturalist, 
who in an obscure Scotch town, without education, without nlean
, 
without books, without encourag.ement, and without the acquaintance 
of men of science-a poor, day-laboring mechanic, with a large fam- 
ily-has done original work in sciel1ce, of a quality and extent that 
would have carried half a dozen common men into the American 
Academy of Sciences, or the Royal Society of England. Thomas Ed- 
ward fought his way alone, inspired and sustained by a love of N a- 
ture which with him was nothing less than an ungovernable passion; 
and, although working in long obscurity and bitter privation, and under 
difficulties that would have crushed the spirit of ordinary men, he has 
at length met the rewan1 he so richly deserves, by falling into the 
hands of a gifted and admiring hiographer. 'V ell can he have waited, 
and much can he have suffered, who 
ecures the genius of l\lr. 
mile8 
to write his life while he is yet living, the skillful pencil of Reid to 
illustrate it, the aristocratic house of l\Iurray to publish it in his 
native country, and the enterprise of the IIarpers to reprint it in 
the United Stntes. ",Ye makë free use of l\Ir. Smiles's work 1 in the 
following pages. 
THOMAS ED1V ARD was the son of a hand-loom weaver, and was 
born near Aberdeen, in Scotland, in ] 814. From his birth he was Jif- 
ficult to manage. His mother said of him that he wnR the worst child 
she had ever nursed. lIe was never a moment at rest, his feet and 
legs seemed to be set on springs. In habyhood he sllOwed an impulse 
to leap from bis Inother's nrmA after flies. As soon as he ùegnn to 
walk he made friends with the cats and dogs, and woul<1 toddle out 
into the streets to cultivate the acquaintance of the hens, duck8, anfl 
geese, and would W:1tch the pigs in a pen for hours. As be grew 
older he became a desperate rambler and runaway, and den.>lopet1 a 


I " Life of a Scotch Natura1ist: Thomas Edward, Associate of the Linnæan Society." 
By Samuel Smiles, author of "Lives of the En!;ineers," "Self-Help," "Character," 
"Thrift," etc. Portrait and Illustrations by George Reid, A. R. S. Â. Harper & 
Brothers. 
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passion for collecting all sorts of natural objects, crab
, worms, bee- 
tles, rats, tadpoles, frogs, snails, lecches, mice, birds, and binls'-nests, 
which he would bring home, and which werc the nuisance and pest of 
the house. His mother protested and forbadc, and threw his "yen- 
omous beasts" away, but it was of no use. lIe was threatened with 
IHUlishmcnt, and the same uight brought in a nest of young rats, 
when, of course, he was flogged. But blows did no more good than 
words. "\Vhen sent to carry his father'8 breakfast" he cut for the sea- 
shore. One morning his nlother tied hÏ1n up firmly to a table to pre- 
vent his going out, ana set his little sister to watch him. As soon as 
his mother was absent, with a mixture of promises and threats lIe 
made his sister help him, when they pushed the table so cloBe to the 
grate that he was able to burn off the rope and get aW3Y. Tom got 
at liberty and had a good time that day in the fielùs. One morning 
his father hid his clothes, so that when the boy got up he had" noth- 
ing to wear." IIis mother tied a bit of old petticoat around his neck, 
saying, "I'm sure you'll be a lwisoner this day." lIe tied a string 
around llis miadle, hid himself awhile in the entry, and at an oppor- 
tune moment bolted into the street, and was soon at the shore hunt- 
ing for crahs, horse-leecJles, puddocks, and sticklebacks. But the 
exposure was too much for him, and he haù a lo})g fcver, with deliI'- 
iunl, hanging "between death and life for several weeks. 'Yhen he 
recovered, tIle first thing was to inquire after his beasts. 'Yhen but 
four years old he was thrashed and stan'ed and shut up to keep him 
at home, but he was self-willed, df't('ll'milled, stubborn, and thoroughly 
incorrigible. lIe wandered about the beaeh, rambled over the coun- 
try, learning an tlJe best nesting-l)laces of the birds-in the woods, 
plantations, hedges, streams, and mill-dams. He was inquisitive and 
thoughtful, often asking for information, but rarely getting it. He 
knew how birds made their nests, anc1 how the flowers grew out of the 
ground, but he did 110t know how the rocks grew. He asked his 
parents, and they told hÏ1n the rocks had existed from the beginning. 
This diel not satisfy him, so he went to the quarrymen. " How do 
the rocks grow?" asked he. "Fat say ye?" Tom repeated the 
question. "To the deil wi' ye, ye impudent brat, or I'll toss ye owre 
the head 0' the quarry!" Once he saw a paper-like something up in a 
tree, with lots of yellowish bees about it. This started llis curiosity, 
and he tried to get the other boys to join him in securing it. They 
refused and ran home, leaving him alone. He climbed up near the 
limb where it was suspended, and was met by a sting which he thougllt 
was more painful than any he had ever had before. lIe sucked and 
lJlew the wound, but there hung the wasp's nest, and he could not 
leave it. It was growing dark, he eould not put it in his bonnet nor 
in his stockings, so he stripped off his shirt, and, though 'getting 
numerous stings, wrapped it around the nest, detached it, and car- 
ried it home. His father, seeing him shirtless, threatened him with 



BIOGRAPI-IIC.AL SI
ETCH OF THOM....1S ED JVAIlD. 597 


the strap, sent him to bed. and the shirt, with its contents, was soon 
put in a bowl, and coverpd with boiling water. 
'The time at length ca.me when Tom Edward must be educated. 
To be sure, he had heen educating himself pretty rapidly, but he must 
be sent to school. This he hated. lIe could not bear the confine- 
ment. 'Yhell between four and five years old he was sent to a danle's 
school, kept by an old woman called Bell Hill in the garret of an ordinary 
dwelling-house. But he often pbyed the truant, and would rather be 
in the fi8h-market than the school-room. I-lis truancy soon became 
known to his mother, who then employed her mother, Tom's granny, 
to take him to school. But Tom rebelled against hi" granny's super- 
vision, and got away from her so often that she had to drag him" by 
the scruff 0' the neck." Once he slipped away from her, and ran 
for the water, and was in the act of getting a lot of horse-leeches, 
when his granny, who had pursued J1Ïm, caught him by the neck. 
He let go of the stone, and, making a sudden bound, upset the old 
woman in the water. His cOInrades called out, "Tam, 1'am, your 
granny's droonin'!" Tom was off, and did not get home till night, 
when his mother abused him for a ragamuffin who tried to drown his 
granny. For once his father "ras in good-humor, and remarked to his 
wife that" gr'anny should beware of going so near the edge of such a 
t1ïrty place." The scapegrace returned to school, but did not learn 
much. The education tbat Bell IIill gave was rather theological; 
she prayed, or, as Tom called it, " groaned," with the children tv.ice 
a day, and in one of these devotional exercises TOIn came to gdef. 
She forbade him to bring his "nasty and dangerous things" to the 
school, but it made no difference. He had a noisy jackdaw at home, 
of which he was very fond, and one day he stuffed it inside of his 
trousers, and took it to school. 'Yhile 1\[other Dell was at prayer 
the daw became restless, got its head out, and began to scream. 
"The Lord preserv's a'! .Fat's this noo?" cried BPII, starting to 
her feet. "It's Tam Edwnrd again!" 
houted the scholars, "wi' a 
craw stickin' oot 0' his breeks!" Bell went up to hi1n, pulled him 
up by his collar, dragged him to the door, thrust him out, anù locked 
the door after him, and Edwarcl neyer saw Bell IIill's school again. 
Tom was next sent to a school governed by a master who had 
great faith in what is called the" taws" 1 as a m('ans of education. 
But the boy's old habits followed him, and one day he smuggled into 
the school a broken bottle, containing horse-leeches and the grubs of 
water-flies. l\Ir. Smiles relates that "all passed on smoothly for 
about half an hour, when one of the schol:1rs gave a loud scre:un, and 
started from his seat. The master's attention was instantly attracted, 
and he came down from the desk, taws in hand. " 'Vhat's this?" he 
cried. "It's a horse-leech crawlin' up my lrg !" "1\ horse-leech?" 
"Yes, sir; and see," pointing to the corner in which Tom kept his 
1 "Taws," a leather strap, about three feet long, cut into tails at the end. 
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treasure, "there's a bottle fu' 0' them! " "Give me the bottle," said 
the master; and, looking at the culprit, he said, " You come this 
way, l\Iaster Edward!" Edward followed him quaking. On reach- 
ing the desk he stopped, and, holding out the bottle, said, "That'8 
yours, is it not?" " Yes." "Take it, then-that is the way out," 
pointing to the door; "go as fast as you can, and never come back; 
and take that, too! " bringing the taws down heavily upon his back. 
Tom thought that his back was broken, and that he should never get 
hig breath again. Tom's mother took him back to the school-room 
door, but before she coulL1 open her mouth the master abruptly be- 
gan: "Don't bri
g that boy here! I'll not take him back-not though 
you were to give me twenty pounds! Neither I nor my scholars have 
had a day's peace since he came here." 
Tom was now sent to a third school, wl1Cre he staid eigbteen 
months, but did not learn very much. The Bible was the reading- 
book, and he got so that he could read it, and also repeat the Shorter 
Catechism. But he knew very little of arithmetic and nothing of 
grammar. He could add up two lines of figures, but could not man- 
age the multiplication-table. He could only lllultiply by means of 
his fingers, and knew nothing of writing. He had given up bringing 
beasts with him to school, but he had got a bad name. One morn- 
ing, when the boys were at their lessons, the master gave a louel 
scream, and, jumping to his feet, shook a big worm from lJÌs arm; 
then, turning in Tom's direction, he exclaimed," This is some more 
of your work, l\Iaster Edward." Edward was then called to the floor. 
" You've been at your old trade, Ed ward, I see; but I'll now take it 
out of yon. I have warned you not to bring any of your infernal 
beasts here, and now I have just found one creeping up my arnl and 
biting me. Hold up !" Ed ward here v
ñtured to Hay that he had 
not brought the beast, and he hnd not brought anything for a long 
while past. " ''''hat! a lie, too?" said the master. " A lic added to 
the Cl
ime makes it doubly criminal. Hold up, sir!" Tom held up 
his hand, and the master came down upon it very heavily with the 
taws. " The other!" The other hand was then held up, and when 
Tom had got his two bot hands the master exclaimed, " That's for the 
lie, and this for the offense!" and then he proceeded to bring the taws 
beavily down upon his back. The boy, however, did not cry. 
" Now, sir," said the master, when almost out of breath, " will you 
say now that you did not bring it?" "I did not; indeed, sir, I did 
not' " " Well then take tllat " crivin g hin1 a number of tremendous 
. " ,::, 
lashes along his back. " Well, now?" "I did not! " The master 
went on again: "It's your own fault," he said, "for not confessing 
your crime." "But I did not bring it," replied Edward. "I'll flog 
you until you confess." .A.nel then be repeated his lashes npon his 
bauds, his shoulders, and his back. Ed ward was a mcre mite of a 
boy, so that the taws reached down to his legs, and smote him there. 
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" 'Yell, now," saiLl the m:l
ter, after he 'was reduced to bis la
t effort, 
" did you bring it?" "X 0, sir, I did not!" Tbe master sat down ex- 
hausted. " Well," said he, "you are certainly a most provoking and 
incorrigible devil." lIe ordered Tom to get his slate and books and 
quit the school. .And with this third expulsion Thomas Edward fin- 
ished his" education" at the age of about seven years. 
Alldlet us not ùe hard on the Scotch systenl of education. To be 
!Sure, the schools did Imt little to encourage a ta
te for natural hi
tory, 
but we have a great many pretentious educational establishments now 
that are not a whit in advance of them. And our state system has no 
place for little énthusiastic nuisances like Tom Eùward. A teacher 
in a Brooklyn institution of high claims, thinking, not long ago, that 
the book" natural history" might be somewhat alleviated by a little 
acquaintance with the real obje.cts about which the pupils were learn- 
ing lessons, encouraged them to collect some natural-history speci- 
lnens. .A few cocoons were accordingly brought in, and hung up in 
the class-room, and watched with much eagerness until the PU1)ils 
began to fear nothing would ever come of them. But one morning it 
was observed that a large and beautiful moth" as emerging from a 
chrysalis, and the class became much excited with interest at the novel 
and curious spectacle. But for such excitement, from so strange a 
cause, there was no provision in the order of the school. And when 
the grammarum came in to take the class, they did not enter into his 
stupefying processes with the customary facility, at which he was so 
shocked that he reported his ùIfficulty to the governing authority, and 
a score of the children were kept after 8ch001 as a punishment for tbe 
interest they hatl taken in an insect metamorphosis! 
Sehool being done, young Eel ward went to work. lIe first got a 
place in a tobacco-factory at fourteen l)ence a week. IIere he staid 
two years, having risen through the grades of responsibility until he 
got eighteen pence a week, but his master happened to be a bird-fan- 
cier, and favored Tom's tastes in catching animals. Leaving this place, 
he got a_situation in a woolen-factory, at some distancp from home, 
receiving at first three and at last 
ix shillings a week. Besides, he 
got on as a night-hand, anù thus had much of the Jay to himself for 
rambling in the woods, and getting acquainted with the flowers, 
insects, and birds. These were happy times. Tom was at the factory 
two year
, and was then taken away that be might be bound as an 
upprentice to a trade. The happy genius of his father selected for him 
as a life-occupation the intellectual and ennol)ling craft of the shoe- 
maker. He was indentured at the age of eleven to Charles Begg, who 
was to teach him for six years the art and mystery of making shoes, 
at eightcen pence a week for the fir
t year, with si
pence a week ad- 
vance each succeeding year-aprons aIHl shoes to be supplied-time, 
six in the morning until nine at night; specialty, pump-making, in 
which Begg excelled. 
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Charles Begg was a low-class London cockney, and an ignorant, 
brutal vagabond, who had a habit of coming borne drunk, of thrashing 
his apprentice, and then going up-stairs and beating his wife. lIis 
relation to natural history was the same as that of Tom's teachers. 
lie had no love whatever for the works of Nature, and very naturally 
detested those who had. Tom had a love of birds and living creat- 
ures, and Begg hated him accordingly. If TOln brought any curiosi- 
ties, Begg threw them into the street-his little boxes, with butterflies, 
birds'-eggs, etc. One afternoon, when Edward IJad fini:--bed his work, 
he was sitting with a young sparrow on his knee which be had trained 
and taught to do a number of little tricks. It was his pet, and he 
loved it dearly. 'Vhile thus occupied the master came in drunk, and, 
seeing what he was doing, knocked him down, while the bird fluttered 
to the ground, was trampled on, and died. In this way three years 
passed, when one day Edward brought three young moles to the shop, 
in his bonnet. 'Vhen Begg found them, he killed them at once, 
knocked down Edward with a last, seized him by the neck and breast, 
dragged him to the door, and with a horrible imprecation threw l]im 
into the street. Tom did not return. lIe wanted to be a sailor, but 
his father opposed it. He then ran away from lwme to see an uncle 
a long way off, who kept hiln all night, gave him eighteen pence, and 
sent him back. He had various adventures in this excursion, such as 
the fol1owing: lIe came up to three men standing in the road; two of 
them were gentlemen, and the third seemed to be a gamekeeper. 
Hp was showing them something which he had shot in the adjoining 
wood. Edward went forward, and saw that it was a bird with blue 
wings, and a large, variegated head. "'Yhat do you want?" said 
the g
lmekeeper to Edward. "To IUlve a sight of the bird, if you 
please." "There, then!" said tIle gamekee})er, and thrust the bird in 
his face, nearly blinding him. \Vhen be got lwrne, he tried the sl}ips 
again, to go to sea, and attempted to get on board of a vessel as a 
"stow-away" to go to America, but could not accomplish it. So he 
resumed shoemaking with anot1ler and kinder employer, who did not 
})ersecute him for his love of natural tbings. He now started a little 
garden for wild-flowers, and began to prel1are places for his various 
creatures, but his resources were too rude, and his knowledge not suf- 
ficient to succeed very wen. He made tours among the book::;ellers 
to inspect the pictures in the windows, and now and then 1V:-1S able to 
buy a cheap book. He took the Penny .11Iagazine and the TVêekly 
Visitor, which cost but a half-penny. He W:1S JlOW about eighteen 
years old, and, tbe shoe-business growing flat., he enlisted in the militia 
for a short time, and one day, when on drill, a large, l)rown butterfly 
flitted past, such as he JUld never seen before, and in an instant he 
was off after it. After chasing it awhile, he (not the butterfly) was 
captured by the corporal and four militiamen, who marched him to 
the guard-house. The high functionaries were astounded, and pro- 
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nounced that he must be either mad or drunk. At the intercession 
of some ladies, the punishment of his heinous offense against the mili- 
tary majesty of his country was remitted. 
'Vhen about twenty years of age Ed ward left Aberdeen, and went 
to Ranff (a pleasant country town about fifty miles away, standing 
upon a gentle slope inclining to the sea), to work at his tra.<1e. 'V ages 
were low, and he was confinetl many hours in the shop, but he con- 
tinued to make his natural-history collections. 'Vhen twenty-three 
years old he married, and was fortunate in finding a woman of com- 
mon-sense, who sympathized with his peculiar tastes. She had noth- 
ing, and they began to keep house on his earnings, which were Os. 6d. 
l}el' week. But he now, for the first time, had a place anù room for 
his specimens. Ilis education had been very limited, he could hardly 
write, he knew next to nothing of books, did not possess a single work 
on natural history, or know the names of the birds and animals 
that lIe caught. lIe also knew little of the nature and babits of the 
creatures he went to seek, or wherc or how to find them But be had 
this great advantage, that he was compelled to observe for himself, to 
think for himself, so that the knowledge he acquired was his own. 
He waS modest, self-depredating, and shy, and as his fellow-mechanics 
were an ignorant and brutal lot, \vith whom he associated ycry little, 
he was alone and friendless, which again favored the absorption of his 
mind in natural objects. lIe got compensation, for he was an in- 
tense lover of Nature, and to be in the fields, the woods, the moor
, 
was always a great delight. 'Vhen he had been married about a 
year, he began to make no collection of natural objects. lIe ùoug}lt 
an 01(1 gun for 4s. 6d., but it was so rirkety that he had to tie the 
barrel to the stock with twine. This, with his powder-horn and shot- 
bag, a few insect-bottles, some hoxes for moths and hutterflic
, and a 
book for putting plants in, constituted llis equipmpnt. He II
H1 a two- 
story hat, the upper chamber of which wa
 a useful receptacle, while 
the crown serveù for sticking in and carrying his entomological pins. 
lIe carrieà no cloak or umbrella, and Lis food was a hit of lwead, or a 
little oatmeal, which he washeù down with water from the nearest 
spring. IIc never rambled on Sunday, ùut made it a day of rest, 
which was fortunate, as, without this break, he could hardly have con- 
tinued his overstrainecl and exhausting life. 
:Mr. Edward had to support his family l)y piece-work, wI1ich occu- 
pied him from six in the morning to nine at night, and his wa
es were 
so small that he coulà not abridge hi
 working-hours. But he was a 
man of invineihle determination, and he rpsoh'ed never to spend a 
moment i(lly, or a }Jenny u
elc8sly. Closely oeeupierl during tIle dar, 
the night was all that remained for" leisurC'," ana that he ùiyided be- 
twepn sleep and night-wamlerings after animals. On returning JlOme 
from his ,,"'ork at night, his usnal cour
e was to equip himself wit h his 
tools, and start for some one of his location
 for observing. It mat- 
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tered little about the weather. His neighbors used to say, "It is a 
stormy night that kee!)s that man Edward in the house." I-Ie went 
out in fine, starlit nights, in moonlight nights, arid in cold, drizzling 
nights. 'Vhen it rained, he would look out for SOllie hole in which he 
could get partial protection, and then watch for night-1noving ani- 
mals, insects, and birds: foxes, badgt'rs, rats, weasels, polecats, mice, 
bats, owls, nloths, and a host of other creatures of nocturnal lw,bits, 
were the objects which be sought to observe in their ways or to obtain 
for his collections. It is comparatively ea
y to observe the habits of 
anÏ1nals by day, but "ery difficult in the obscurity and darkness of 
night. Edward's circumstances drove him to this night-work, and 
soon made him expert in thi
 peculiar line of observation. lie often 
went out in winter, but bis principal night-work was by moonlight, 
from spring to autumn. Seeing was of course difficult, but was greatly 
helped by the sounds of the midnight prowlers. In the course of a 
few years be learned to know all the beasts and birds of the district 
frequented by him. lIe knew the fonner by their barkings, gruntings, 
and various Cl'if's, and the latter he could identify even by the sounds 
of their wings when flying. lIe could tell the 81}ecies and families of 
birds by their caB-notes as they. flew by. He would watch the fights, 
greetings, })ranks, predacious aSðaults, and peculiar ways, of the mid- 
night roamers, between snatches of sleep, and thus extended and 
made muc1l 1uore accurate one of the obscurest branches of natural 
history. l\lr. Edward had numerous adventures in these nocturnal 
excursions, which are vividly related by l\Ir. Smiles, who also goes 
into much detail to illustrate the perils, exposures, and privations, of 
this mode of life. 
1\lr. Edward continued his night-researches for about fifteen years, 
his excursions extending for six or eight mile3 in different direction5!. 
lIe found many new specimens, and was particularly persistent in 
working at the birds which greatly abound in that regio[l. He thus 
rapiL1ly accumulated the objects for a collection, and after eight years 
had preserved nearly 2,000 specimens of living creatures founa in the 
neighborhGod of Banff, most of which consisted of quadrupeds, birds, 
reptiles, fishes, crustacea, star-fish, zoöphytes, corals, sponges, and 
otllPr ohjects, together with an immense number of plants. lIe 
placed these in cases, which he made himself by the aid of a 
boe- 
maker's knife, a saw, awl a hammer. He stuffed his own birds, and 
mounted all his own objects. Of course, he was not exempt from the 
accidents to which such material is exposed. He had deposited twenty 
boxes, containing 916 insects, in his garret, and when he went to fetch 
them he found they had been all eaten by the mice, the l)ins only re- 
maining, with here and there a 11Cad, leg, or wing. On another occasion, 
llaving pnt 2,000 preservea plants in a box which was carefully placed 
out of harm's way, when he went to oyerhanl them he found that the 
cats had made their lair in the box and ruined the whole collection. 
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There was an annual fair at llanff, and in 1845 Edwarù resolved 
to exhibit his col1ection. So he brushed up his specimens, cleallcd his 
cases, of which he haù about 300, and exhibited them, or rather had 
them placed on exhibition, at Trades IIall. lIe made a small charge 
for admission, and received quite a llumùer of visitors. It took the in- 
habitants by surprise, and they began to understand him; his strange 
night-wanderings having been a matter of much wonderment and mys- 
tification to the people of the town. He got a little money anù with- 
out much expense by showing his collection, and, being very anxious 
to turn himsdf in some way so as to get relief from the drudgery of 
the shop, and acquire time and means for more devotion to his favor- 
ite !)ursuits, he formed the perilous resolution of trying .Aberdeen as 
a place of exhibition. This city was the old centre of northern intel- 
lect, cultivation, wealth, and business, with two universities, filled with 
professors and students, and a large, intelligent, and thrifty popula- 
tion. Edward got his collection into six carrier's carts-there being 
no railroads-and started out with his wife and five children July 31, 
1846, reaching Aberdeen on the evening of tbe following (Jay. He 
took a shop, advertised, and scattered handbills. Terms of admis- 
sion, "Ladies and gentlemen, 6el.; tradespeople, 3d.; children, half 
price." The .Aberdeen Journal thus noticed the collection: "'Y e have 
been particularly struck with the very natural attitudes in which the 
birds anù beasts of prey are placed; some being represented as tear- 
ing their victims, others feeding their young, and sOIne looking side- 
ward or backward, with an expression of tbe eye which indicates the 
fear of interruption. The birds are very beautiful, and the entomo- 
logical specimens will be found exceedingly interesting." Edward ex- 
pected a rush, but he was disappointed. But very few persons called 
to see the collection, and these were chiefly stuffed-bird dealers, who 
wantecl to sell him specimens, or knaves with counterfeit monstrosi- 
ties to dispose of. Some ladies called, to consult him aLout sick lap- 
dogs, diseaseJ cats, and a broken-legged pig. One gentleman wished 
bim to come and cut off the front teeth of an old and favorite rabbit, 
as they had grown so long that he coulJ not eat; but only yery few 
came to see the collection, and of those who did come none could Le 
made to believe that the specimens were all collected and ]Jrepared by 
(1 man who had to work all day to snpport his family. Profes
wrs of 
the univ
rsity came and tol<1 him thnt the inhaLitnnts of .....\.herdeell 
were not yet prepared for an exhibition of this kind, though the read- 
er will observe that the incorporated town was seven hundreù years 
old and contained sixty churches, while its university had been operat- 
ing on the Aberdonian mind for two centuries and a half! The fact is 
that, notwithstanding all its "culture," _
berdeen wns no more ap- 
preciative of a true lover of Nature than Tom Ed wanl's teachers had 
been; and he went out of Aberdeen in much the samc way that ßegg 
pitched him out of his shop. He got in debt, became discouraged and 
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half distracted at his situation. l\lore advertising only aggl"ayat cd 
his trouble. .After a month he had lost hope, and, wlJat was worse, his 
master at Banff wrote Lim tlwt if he did not immediately return lIe 
would lose his plaèe. lIe became despairing, and started for the sea- 
shore with a view of putting an end to his troubles. lIe Imd thrown 
off his hat, coat, anù waistcoat, before plunging into the sc-n, wh(>n a 
flock of sanderlings lit upon the sands near him, and nInong t]Jem a 
larger and darker Lird, tbat he was not acquainted with. They flew, 
and he followed them, again and again, until he exhausted hinH:elf, and 
worked off his misery. l' othing remained but to !"(rll his collection, 
which he did for twenty pounds to a gentleman who wantetl it for his 
boy. These specimens were stored in a damp room, and eyelltually 
perished; but the exhibitor got out of debt, and went back with his 
famil y to Banff. 
Edward felt crushed and ruined when he got l)ack to his home. 
lIe had not only lost the precious fruits of many yer.rs of loving 
labor, but his hopes of anything for the future Lut 
lan'ry in the 
shop were blighted, and hi:::; life looked dark and desolate. lIe re- 
sumed work, but at first had little sl,irit to begin replacing his lost 
specimens. Yet, as spring advanced, his passion ngaill took posses- 
sion of him, and he girded himself with his gun and insect-boxes and 
various appendages, and again sought his old haunts of observation. 
Ilis ze3.1 aud per:sever3nce were now greater than before. Jlis friends 
protested that his exposures were wearing him out, hut he says: ,;, One 
look at my cobbler's stool dispelled eyery consideration. l\Iy wish was, 
at some time or other, to wrcl1('h myself free fronl my trade." lIe 
now improved his outfit by getting a coat with eight large 11Ockf'ts, 
and had four mnple receptacles in his waistèoat; Lehides, he had a 
number of Lags and wallets geared for convenient cal-rying, aud all 
were stocked with f
ci]ities for advancing his work. On one occa- 
sion, after a IH"olonged tour, and when all his boxes and ca
es were 
filled with insects and worms of every sort., he was caught ill a ter- 
rific thunder-::;torm, and soaketl through and through hy the rain. 
lIe .reachet1 a house at length and sought shelter, Lut the glue of 
his boxes bad softened hy the water, and, coming armrt, let out the 
ants, worms, slugs, spiders, and caterpillars, so that he was com- 
pletely covered with miscd13neous vernlÍn. The woman of the hou::!c 
yelled at him: ":Man, fat the sorra hrocht ye in here, an' you in 
siccan a mess? Gang oot 0' my hoose, I tell ye, this velTa minit! 
Gang oot ! " On looking at his clothes he found tlwt he was a mov- 
incy mass of insect-life and cree l Üoa thincys , and he cleared the room 
ö ö h 
at a bound and took refuge in all old shed. 
After his exhibition at Banff, he became a sort of general referee 
in }.pgard to all curious objects found in the district, and got a great 
deal of advice as to what he ought to do, but ñobody offered to help 
him. He had a, family of eight, and bis wages, evell with extra work, 
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were ùat fifteen or sixteen shillings per week. Ilis wife helped him 
efficiently; ::;he bound shoes, and received separate pay for it, but she 
would often with her own earnings buy bottle
 for his ins('ct
, wood 
for his bird-cases, powdcr alHl shot for his gUll. 
 one of his advising 
frieud::; ever helped him in this way. 
His expeditions were often accompanied hy dangerous ad,'cl1t- 
ures. On one occ:lsioll, as he was coming home in the morning, he 
shot a martin, which fell upon the edge of a cliff. lIe clambered to 
the spot, and, just as he was seizing it, it fluttered over, and in trying 
to grasp it he went over himself. Ilis gun fen out of his hanò, and 
lodged aCl'OS
 two rocks. Edward came down npon the gun, smash- 
ing it to pieces, but it broke the force of the l)low, and probably saved 
his life. lIe had descended forty feet, and was wedged in between 
two rocks, where he remained sensele
s until with great difficulty he 
was extricated by two ploughmen anù a fisherman, terriLly sore aud 
bruised. lIe got horne, but was unaùle to work, and had to sell more 
of his collections to mect family expenses. 
Shortly after his return frOlll Aberdeen, Edwarù made the ac- 
quaintance of the Rev. James Smith, who lived about eight miles 
from Banff, and who lent him some books that helped him to :1:5c('r- 
tain the names of binh:, and DIr. Smith abo urged him to })ublish the 
results of his observations. Ed \vanl replied, "I cannot write COlTl'Ct- 
ly enough for the publishers." "But you 'ììwst write," ::;aid Smith. 
"Yon must note down your observations.". Etlward objected much, 
bllt he nevertheless took to the work, and soon developed unusual 
descriptive power. He wrote articles, from time to time, for the 
B{lJ
tfsltire Journal, on various interesting objects, which had the effect 
of directing general attention to natural-history subjects. Further 
encouraged by his friend Smitb, he began to write for the Zoülogist, 
giving an account of his discoveries, and of those hahits awl pecu- 
liarities of animals which he haa closely où
e1'\'ed. At the cnd of 
1855 we find all article of his in the Zuölogist, entitlea ".Moth- 
hunting, or an Evening in the 'Y ood," and in the fol1owing year he 
commenced in the same periodical a "List of the Birds of Banffshire, 
accompanied with Anecdotes." This list comprised eight articles, 
which were receivea with much favor, yet he never got a farthing for 
any of his literary contributions! 
It is worth while to note how he could write. He printed in tIll' 
Banjfsldre Journal an account of a very dangerous adventure he had 
by getting trapped in the recess of a cliff from which tllere seemed to 
be no possibility of escape in any direction. lIe says: "I sat down 
to consiacr 'what was next to be done. 'Yhilc tlms resting, I ob- 
scrved a falc
Hl (Palco pere[J1'Ïnus) sailing slowly ana steadily along, 
bearin
 something large in his talons. On he came, seemingly un- 
conscious of my presencc, and alighted on a ledge only a few yards 
from where I Eat. I now saw that the object he carried was a par- 
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tridge. Having fairly settled down with his quarry on the rock, I 
could not help wondering at and admiring the collected ease and 
cool composure with which he held his struggling captive (for it was 
still a1ive) until death }Jut an end to its sufferings. There was no 
lacerating with its beak at the body of the poor and unfortunate pris- 
oner, in order, as it were, to hasten its termination; no expanding 
of the wing to maintain his equi1ihrium, although the Inst and dying 
-struggle of the bird caused hinl to quiver a little. All being over 
now, with one foot resting upon his game and the other on the rock, 
silent and motionless as a statue, the noble captor stood, with an in- 
quiring eye, gazing at the now lifeless form of his reeking prey, seem- 
ing to doubt the fact that it was already dead. But there was no 
- mistakc. The hlood, oozing from its mouth and wOll}}ch, its body 
doubtless pierced by the talons of the conqueror, already began to 
trickle down the sides of the dark cliffs, dyeing the rocks in its 
course. Satisfied at Inst that life was fairly extinct, an incision was 
then made in the neck or shoulder of the victim, and into this the 
falcon thrust his bill several times, and each time that it was with- 
drawn it was covered with blood. This being done, and having 
wrenched off the head, which he dropped, he then began not only to 
pluck but to skin his food from the neck downward; and, hadng 
bared the breast, commcnced a hearty meal by separating tl)e fle
h 
from the sternum into portions, with as much appal'l
nt ease as if he 
llad becn operating with the sharpest surgical instrnment. I should 
lmve liked well to have seen the end of the work thus begun; but, 
unfortunately, a slight movement on my part was detected by the 
quick eye of the falcon, and my nearness was discovered. Having 
gazed at me for a few, and only for a few, seconds, with an angry and 
})iercing scowl, Iningled with :"urprise, he then rose, uttering a scream 
so wild ancl so loud as to wakeu the echoes of the surrounding rocks; 
wlli!e he himself with the remains of his feast, which he bore along 
with him, rounded a point of- the cliff and disappeared; and there is 
no doubt that he ended his repast in unmolested security." 
In 1854 Edward lost his valued friend Smith, by death, and he 
mourned for him very deeply, as he was a man of wide culture, ana 
with a thorough appreciation of the character of Edward. 1\lr. 
Edward was under the impression thnt people looked down upon 
him and his work, hecause he was a poor shoemaker, and in this, of 
course, he was right. But the clergyman treated him as one intelli- 
gent man treats another. His loss, however, was greatly repaired 
by the acquaintance of the Rev. 1\lr. Boyd, of Crimond, a few miles 
off, also a naturalist, who had a I1igh and appreciatiye. regard for 
him. The two clergymen had made various efforts to secure for 
Edward some position in which he could live and give freer play to 
the bent of his genius. But they failed. :1\11'. Boyd once proposed 
that Edward should get up a series of rudimentary lectures on natu- 
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ral history, illustrated by specimens of birds and other objects. They 
were to be given first in Banff, and then in other places. Edward 
got his iHustrations ready, and the I>roject lOQked feasible. There' 
existed in the town of Banff an institution which had been formed, 
among other purposes, "for tlw disC01JCry and encouragement of 'n(l- 
tive gell;ius and talent." 'Vhat could be more promising? 1\lr. Boyd 
believed that they would heartily coüperate in the lectures, because 
it would be in accordance with the avowed purpose of the institution. 
Several members were applied to, to give their assistance, but they 
l)olitely declined, and tbe scheme fel] through. Shortly afterward 
31r. Boyd died, and Edward was deprived o( another efficient friend. 
" Another of my best friends is gone," exclaimed he. "Cruel Death! 
if thy hand continues to strip me thus, thou wilt soon, very soon, 
leave me desolate; and then who will take notice of the poor natu- 
ralist? " 
At 'last, his health gave way altogether, and he l1ad a long attack 
of rheumatic fever; and again his collections had to be sold, to pro- 
tect the family from want. He now lost aU hope of ever being able 
to replenish them. He had to abandon his night-wanderings, but he 
turned to the natural history of the sea-shore. Here he had a new 
field, and worked with great success. lIe discovered many new species 
of marine creatures, and greatly extended the knowledge of the habits 
and history of those already known. His daughters gave him very 
valuable assistance in many ways, especially in searching the fish- 
markets along the shore. 1\lr. Edward was, moreover, now beginning 
to be better known to naturalists, who sought his correspondence and 
his aid, and among these were Spence Bate, 'Yestwood, Couch, and 
Gwin J cfi"reys. Bate tried to get a place for him in a scientific insti- 
tution, at thirty shillings per week, but it turned out to be a fourth 
portership at one pound per week, and conld not })e got even at that. 
Edward's hopes were once more blighted, and nothing remained for 
him but the cobbler's stool. He trietl photography as a means of 
living, but was not able to provide a glass-window department, and 
failed in that :11so. 1.
he fact is, he was simply a born naturalist, made 
for the discovery of the things of:K ature, and, if his Christian country 
had been half civilized, he would have been kept at that pricele8s 
work for which so few men are gifted by rare original endowments. 
'Ye can hal'Jly refer to, much less enumerate, the achievements 
of Edward in many departments of observation, which are described 
with f!rcat felicity by 'Ir. Smiles. At the close of his volume he gives 
selections from the mammals, birds, fishes, and crustacea, with which 
this man enriched the fauna of Banfi':-,hire; 11ut while the list comprises 
many hundred, in a long appendix, tl
e author states tl13t, if all were 
given, they would fill a volume. Among the crnstaceans alone, of 
two hundred ana ninety-four, found in the l\loray Firth, not fewer 
than twenty-six new species were a(h1ed by Edward himself. 
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But Edwarù's scientific labors drew toward a close. He had 
fought the fight of science on the one 11and, and of poverty on the 
. other, until his constitution, strained by exposure and battered by 
accidents, was no longer equal to the double struggle. In 1866 he 
was elected an associate to the Linnæan Society, one of the highest 
honors that. science could confer upon l1Ïm, and lIe was shortly after 
also made a member of tbe Societies of N aturallIistory at both Aber- 
deen and Glasgow. IIis biographer states that since tllen he has been 
able to do comparatively little for the advancenlerlt of his favorite 
study. 
In June, 1875, Edward remarked: "...\s a last and only remaining 
80urce" (of subsistence), "I betook myself to myoId and time-honored 
friend, a friend of fifty years' standing, who lIas ne\'er yet forsaken 
me, nor refused help to my body wJlen weary, nor rest to my Iirn1s 
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.. AND HERE I AM STILL." 


when tired-my well-worn cobbler's stool. And here I am still on the 
old boards, doing what little I can, with the aid of my well-worn kit, 
to maintain lnyself and my family; with the certainty that instead of 
my gett.ing the better of the lapstone and leather, they will very soon 
get the better of me." 
It remains only to add that, since the publication of ::\11'. Smiles's 
book, the queen has been moved to grant Thomas Edward a pension 
of fifty pounds a year. All will be glad of this; but we cannot forget 
tlwt if this man had directed his genius to tbe work of war, with a 
tithe of the success he has achieved in enlarging our knowledge of 
Nature, his reward would have been far greater than it is now! 
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CORRESPONDENCE. 


BPENCER.S CLASSIFICATIO
 OF THE 
ABSTRACT 8CIE
CE
. 
To t'le Edilorof tlte Popular Science lJlontltly. 
1 A!I a greJ.t admirer of IIel.bert Spen. 
cer, anù cspecially of his wondcl'ful 
"Answers to Criticisms" in your jOl1rnal. 
'Vhcn he seems cntirely caught and inwO\.en 
by his adve,'sal"Ícs, with om
 blow of his 
trenchant blade he cuts the net, and is free. 
J.I
 is one of the highest of living- au- 
t
Ol'ltles, 
n.d I read with deep attention 
hIs two editIOns of H The Clas:-5itkation of 

he Sdences," being particularly interested 
III T,Ùle I., U The .\b"tral.:t Sciences." All 
of it but two divisions he devotes tJ mathe- 
matics as exactly equivalent to quantitative 
relations; still, at the pr
scnt day, it seems 
an untenable cramping of mathematics to 
define it as the sciencc of qu:mtity. 
.:'- c.mdid note in Ur. BpC!lCer'S fir
t 
editIOn shows that it was not till aftcr he 
had actu.llly drawn up this ta!
)le that he 
became awal'e of 0!1e of th
 most impor- 
tant points in the question to be 
olved. 
It is a note to hi5 first gr2at division 
of lO:lthematics, and S.l}"S: .. I was igno- 
r
n.t .of the exi:-5tence 
f this a.. a 
cp
rate 
divIsIOn of ma.thematlcs, until it was de- 
scribed to me by Mr. Uirst, who:11 I have 
al50 to th:lI1k for p3inting out th
 omission 
of the subdivision 'Kinematics.' [t was 
only when 
eeking to affilhLte anù d
finc 
, D
5cripti\'e G
ometrv ' that I reached the 
c.onc.lusion th.tl there. is a negativ"'y-qa
n- 
tltatlve ll1atlH'nntics a'\ \Vpll as a p05itively- 
quantitative mathematics." 
All t1lis confession i
 omitted in the 
see on? cdition, wherf), however, the much 
bU;)enOr expre:-5sion "Geometry úf Posi- 
tion " is substituted in the table fO\." D
- 
seriptive Geometry," whieh latter was verv 
apt to be misl::-ading, especiallv to enO'L 
neers, from its technical sense. in whi
h 
sense, of course, Spencer did not m
an it. 

 ow Jet us try to exphin, in few wordg, 
wh:tt the problem was that Hirst 
o unex- 
pectedly p.1t before Spencer's mind, that 
YOU"I
UY judge whether" sE'ekin;.! to affili- 
ate It to a scheme already drawn up was 
a proìJ
r mental conditiotl in \\ hich to deal 
with a question so important, so suhtile, so 
pl'Ofound. 
GeOllletl'y, as the abstract seÎr\nce of 
spacE', natural1y resolrcs itself into two 
gl'e,tt divi"ion5, geometry of measurement 

nd .geomctr,\. o.f position-geomt'try (Iuan. 
tllatIve or metnc
l, and geometry morpho- 
logiea] or positional. 
As an example of the fir:;t, we may take 
VOL. x,-3D 


the most ordinary iUustration that of 
equivalent trjangl
s. 
\I1Y tw
 trianu]es 
ha
ing the same base, and their vertice; in 
a ]me parallel to that ba:,<c, will be of equal 
or "
quivd]ent" 
uperficial magnitude. 
Although the sum of the thl'cC sid
s of the 
one triangle might he a. thousand times as 
great as the sum of the three sides of the 
other, they will contain the same number 
of square inches or square feet. This is a 
metrical or quantitative PI'oposition; but, 
on the other hand, many propositions are 
known which are purely descripti\'c or 
morphological. Take the one, perhaps, best 
known, the celebrated hexagmm. 
. In 
ny circle join any six points of the 

Ircumfer
nce by consecutive 
traight lir..es 
In any order: the intersections of the three 
pair,.; of opposite sides are ill a straight line. 
Or, take any two straight liues in a plane, 
and draw at random other straight lines 
traversing in a zigzag fashion betw
en them, 
so as to obhin a twisted hcxa
on or sort 
of cat's.eradle figure: if you (.onsidel' the 
six lines so drawn symmetrically in ('Ouples 
then, no matter how the points have bee
 
selected on .the given lines, the thl'ce points 
througl
 which these three couples of lines 
respectively pass will lie all in one and the 
same straight Hnc. So C'l.eat an authority 
as. 
rof. Sylvester has sta
ed that thi:-: prop- 
0
1tl
n "refers solely to position, an.} nei- 
t
er mvokes. nor invoh.es the itlt'a of f)uan- 
tlty ?r ma
mtude." Take another: If any 
penc11 of four rays is cut by a tr.msver
al, 
?ny anharmonic ratio of the foul" )Joints of 
mtersection is constant for all position
 of 
the tmnsver
al. 
Now, Carnot in his splendid U Geometry 
of Position," and many befor{' and after 
him, have laid open a wilO]e world of truths 
?f thi
 kind, truths undeniably geometrieal 
1
1 th
lr naturE', hut founded on the priHli- 
!Ive IIlea of position, and bringin
 in any 
Idea of quantity only ir,cidE'ntally and after- 
ward. :Now, this was evidentlJ a branl'h of 
mathematic,.;, but, having made his scheme 
mathematics only coextelJ"ive with quanti- 
tative rdations, If ('rhert 
peJ1('cr must force 
this under the quantitative rubric, and thus 
was betra
'ed into error. Seeing that it was 
not really positivcly quantitath'c, he could 
only call it negntive]y quantitative, but in 
doing this entirely mi
r"pre8ents it. In 
Table I. he h3.., under" Ab"tract Science:" 
"Laws of Relations 

--y-_-..J 
that are Quantitative pfathe1l1aties). 
'--- -...-- 
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"Negatively: the terms of the relations be a formidable charge, and it would he 
being definitely-related sets of positions in formidable if it were true, and the experts 
space, and t};e faets predieat
d being the .1 I I B 
agreeu allJong t JeJ,nsc ves. ut when the y 
absence of certain quantities l' Geometry 
of Po
ition ')." coincide in nothing but in differing fmm 
1\ow, we contend that there is naturally :Mr. Spencer, we may be moderately reas- 
nothing lIe
ative aùout the matter, and to sured, and venture to think upon the ques- 
call it negative i" unfail.ly to wrest it from t:ons they raise, witho!.:.t the sense of being 
its propel' :,;implicity in ol'del. to force it 
undel' a preconceived clas:,:ification. The crushed to the dust 1>y the weight of au- 
primitive awl natural idea of position is thority. 
of any portiun of space, as distinct from This is not the first time that 1\11'. Spen- 
space in general, and does 110t depend at cer's note, or, as our contributor calls it, 
all upon any quantitative relations, either his "confession," has been attack
d by 
po:,itiVl' or negative. But, after this, if we 
wi:-ih to definc any position with reference mathematicians, and in such a way as to ad- 
to an} other definite knuwn position, "e mQni::h him that, liS this worM is constituted, 
use qU
llltities, eoürdinates, and by this it is not alway.., wisest to be very candid. 
mt'ans we can, by using only positÏ\'e quan- It has ever Leen a l'Ule with him carefully 
titie
, e. g., a positive straight line and a 
positÏ\'e ang-Ie, accurately refel' anyone to acknowledge the aid he has received 
point in any plane to any other poiat in from others-a pmctjcc \\ hich, as in the pres- 
the same plane. ent in
tance, has exposed him to misunder. 
f;o "the proposition that certain threc standill'r and misrepresentation. 
h-. Hal- 
I
nes will n1l:et !n a point :'. is not ., 
 nega- I sted re
ognizes that Lv h Descriptive Ge- 
tlvely-ql
aUtl!atlve proposl
lOn,n. as 
penccr m t ":\ 1 
, ' .. 
asserts III Ins note. It IS pnmanly not 0 e r!, 
 r. p
nc('r dId no
 mean those 
quant!tati.ve at all,. uut positional; a,!d.. scc- I t
chlllcal m.ethods ?f geometrIcal construc- 
ondarlly, If one wishes to look at It m a hon to wluch engmecrs apply the name; 
quant
tat!vc lif?ht, i
 is thcn very posith.dy i yet no less a mathematical expert than Mr. 
,!uantlt;
tlve, Slllce It asserts that. the th 
ee Chauncey 'Y l'Ícrht-the pride of Cambrid,re 
hnes will run tOf(ether on a pc,mt wlucl. . Ö 
 , 
may Le exactly fixed by po"itive quantities and whose LlOgraphy we are soon to have-- 
-its polar coördinates; or, having the attacked him a dozen years ago, in the 
p
int fix
>d Ly. the interseet.ion ?f either two .North Amn.ican Review, on the very pas- 
ot the hne
, It asserti', dlredwnall.'l, that saO"c here dealt with Ly!Ir Halsted uut on 
the tèinllir.e must go directlv through that th Ö 't d :1' l' :hI 
point. In the same way, the" assertion that e OPI
OSI c 
roull 1R
 
uc. '/.Cas r. 
"certain three points will al\\ ays faU in Spencer s mealllllg of DescrlPtn.e Geometry. 
a straiFht liue" is primarily an assertion And having assumed that Spencer meant a 
of re1ath.e po
ition, in which the relation mathematieal art which he was tninO" to 
is defin:
 in th
 sim
l('st mannel' by a sin- cla

ify as aùstract science 'Y I'Í'Tht' in
nu- 
gle pos!tn.e stmlght hne. The whole ques- . " _ _' 0 . 
tion i
 this: Is not po
ition as simple and ated tlIa
 by In:; ackno\\ ledgl
)ent to II II st 
primitive an idea as quantity? and is not he was Ignorant even of thIS. It was a 

pencer in crror when he gives its abstr.act disingenuous piece of WOrli. "Mr. 'Yri
ht 
scienee no !'
parate place! but ranges it was then hunting through Spencer's yariOU8 
under, and trIes to make 1t depend upon, b I' I f ft t I . t 
quantity? 00 ;:s :n scarc.l 0 aws 0" or i: up III 0 a 
GEORf}E BRUCE HALSTED, A. fl., sensatIOnal artIcle, and he was not ycry par- 
l\bthelTIatical Fel10w of Johns Hopkins Univer- ticular how he did it, so he could make a 
sit\'. lat{, 
lathclTIati('al Fellow of Princeton I .' . . 
Co'llege, Intcrcolleg-iate Prizeman. tellmg pomt. As Ius note was llahle to 
P. S.-Since the above was in print, J such misc
JJstructi
n,. :Mr. Spencer . \
ery 
have noticed that 
\rthur Ca vley holùs ,.irws naturally wIthdrew It In a second C(lItIOn, 
on this subject very much o'ppòsed to tho:-'e and substituted for the title first used one 
of "!\II', Spencer. (See Caylpy's "Sixth Me- less liable to be mi511nderstood. 
moir on . Qua
tics," in the U Philosophical .And now has not Mr. IIalsted al!'o SOillE'- 
TransactIOns. ) G. B. H. . I 
what mi
apprehended this nwmoraL e note? 
If 
Ir. Spencer wag not referring to the art 
of Descriptive Geometry, as 
Ir. Halsted 
admits he waS not, then he must have b
cn 
referring to the systf'm of theorems in the 
science of pure mathematics which h'1s 


It has Leen remarked of :Mr. Herbert 
Spencer that he docs not stand weU with 
the expert
-mcn trained in specialties, and 
who know thcir suùjects at first hand, and 
through and through. 'This is thought to 
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grown up under the namc of U Descriptive 
Geomet:-y." But whel'e is the evidence that 
he was ignorant of th('
c theorems? lie 
r:cl'tainly does not say that he was made ac- 
quamted with them by Mr. Hirst, but sim- 
ply that he was fh.st inf{)I'lned by him that 
they had been gl'OUpcJ illto U a separate 
division of mathematics." Why hc did not 
Imow of this is readily cxplained, as the title 
Descl"iptive Geomeh.y had never been adopt- 
ed in England for the subject to which it had 
Lecn applied, from 
Iongl', to Reye on the 
Continent; and its modcrn restricted use 
was very naturally known only to professed 
mathematician
. What PloOf. Hirst put bc- 
fOi.C Yr. Spencer was, therefore, not any 
new matlll'matical problems or principles 
which he found it ncces,;ary a:'J an aftcr- 
thought to thrust into a preyiousl
"-formed 
mathematical philo
opby, but only the rec- 
ognized differentiation of a certain mathe- 
matical provincc. 
As for the non-quantitath"e mathematics, 
we flÏl to see that. 
[r. Halsted gets up much 
or a dilf
l'ence with Spencer. )11'. Halsted 
thinks that thc U Geometry of Position" 
doe3 not involvc the notion of quantity, 
and 
Ir. 
pene!'r thinks the :5ame. But the 
experts of .. lIarvard" and of .. Johns 
Hopkins" arc squarely at i,;sne on this 
point. After making his ca,;e against 
Ir. 

pencer on a fal
'e interpretation of what 
he said, )11'. ""right aùmitted that, perhap
, 
aft
r all, he did not m
an that-po,;,;ibly, in- 
stead of <t brand. of the engineer's art, 

pencer was referring to U certain propo,;i- 
tions in the higher geom!'tr)' concerning the 
relarions of position and din.ction in points 
and lincs." But he opens a battery of Mr- 
casms upon the idca of non-quantitative 
mathematies, and says of these geomctrical 
propositions that they" cannot be made to 
stanJ alone, or indepcndently of dimensional 
propel'lies." Spencer was thug attacked by a 
skilled mathematidan a dozen ycar
 ago for 
taking substanthllly the same ground that 
Mr. I1alstecl now ath'oeates. 
In l"egard to the terminolo::ry of thc 
subject. )ir. I1alsted encounters the diffi- 
eulty which always arises when knowledge 
ontgrows old definition
. Xo doubt, if 
positional 
I)ometry is non-quantitntÌ\"e, and 
i:;; 
till a branch of mathematic;;!, wc should 
have a ncw definition of math
matics; but 


6Il 


it is much easier to discredit the old one 
than to rcplace it by a bettcr. Why docs 

r. Halstcd continne to apply the term 
geomctry, which, by its ycry structure and 
etymology, implies measure and quantity, 
to that which has no quantity t .Mr. Spen- 
cer evidently !'aw the difficulty; hut, rather 
than attempt to l'edcfine mathcmatical sci. 
ence, he preferred the altel'native of mark- 
ing off thc newly-recognized province by 
a titlc that exeludcd thc element of quan- 
tity-that is, he callcd it negatively quall- 
titatÌ\ e. Mr. Halsted docs not like this 
term. Spcaking of a certain proposition 
given as an illustration by Spencer, he 
sa
's: "It is not I a negatively quantita. 
tive proposition,' as Spencer asserts in his 
note. It is, primarily, not quanthative 
at alL" fiut what does Mr. Halstcd sup- 
pose 
h. 
pen(,2r means Ly II negatively 
{luantitative," unlcss he means not quanti. 
tatÌ\Tc at all, 01' thc denial and cxclusion of 
quantity? Let us ob
t'rve exactlv \Vh It Spen. 
cer 
ays: "In explanation of the term 
I negatively quantÏt3tiv(',' it will be sufficient 
to in:,tance the proposition that certain 
three lines" ill meet in a point, as a n2ga- 
tively-quantitative I)\'opo
ition, since it as- 
serts the absence of any quantity of space 
between thcit. intersections, 
imilarly, the 
assertion that certain threc points wi)uh
 
always fall in a straight line is I negatinly 
quantitative,' since the conception of a 

trai
ht line implies the negation of any 
lateral quantity or deviation." Thc italics 
are ours, but thc statement is sufficiently 
explicit. The absence or negation of quan- 
tity i:, as 8trong an expression as coulù be 
used for no quantity at all, or that which 

p{'ncer calls n{'p:utively quantitatÌ\'c. )fr. 
Spencer designates the" Geometry of Po- 
sition " as of this kind, and Jet \11'. Hal- 
8ted impute,; to him the error of ran::ring it 
under and tr
'ing to make it depend upon 
q:mntitv. 

k ITal;;:ted reports that, in his last bul- 
letin, Cayley stauds opposed to Spencer's 
vic" s. It is to he hoppù tll.lt he under- 
stanlls him; but what is his rclation to 
"-right and I1al
ted? 
.Ami now, apolo;:dzing to our readers for 
introducing this remotc discu

ion, and 
pas!o<ing it \Iff under the head of popular 
seienec, "c call upon the hcird and repre- 
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sentatives of Johns Hopkins to hurry up 
their proposed Jl,fathematical Journal, th.1t 
there may be a proper place for the con- 
sideration of questions lilie this. 


INSECTS AND FLOWERS IN COLOTIADO. 


To tile Editor of the Popular &ience j}Ior.'!"'
!1 
TIlE communication of Mr. Meehan, In 
you
 January number, and the request at 
its close, are herewith responded to Ly the 
entomologist in question-one to whom we 
may faidy apply the line- 


"[Though] young in years, in sage experience old." 
.As the lctter supplies the information called 
for, you will, doubtless, wish to print it in 
full, and 1 inclose it for that purpose. 
Yery truly yours, ASA GRAY. 
CAMBRIDGE, :MASS., January 22, 18iT. 


DEAR DR. GRAY: In the January num- 
ber of THE I
OPULAR gCIENCE 
IO
THLY, 
:Mr. :Meehan takes some exccption to your 
note in the American Journal of SL'Íence 
for K ovember in regard to the comparative 
abundance of insects and flo\\"ers in the 
Rocky 
Iountain:; of Colorado. He asks 
particularly for a U list of the Hymenoptera 
and Lepidoptem that arc abundant enough 
in tbe particular part of the Rocky Moun- 
hill region covered by [his] experience, to 
probably act as cross-fel>ti1izers of flowers, 
noting those which may pcrhaps be intro- 
duced since 1871." The route referred to 
is " through Golden City and Idaho Springs 
to South Park, thence to Pike's Peak and 
the Garden of the Gods. . . . to Denver over 
the level platpau known as the' Divide.'" 
In 1873 he speaks of having visited Gray's 
Peak, and must, therefore, have passed up 
Clear C!'eek and through Georgeto" n. In 
1872 I sp
nt three months in the moun- 
tains of Colomdo in company with Dr. C. C. 
Parry. 'Ye walked up through the cañon 
of Clear Creek to Idaho Spring!':, George- 
town, and Empire City. At the latter place 
we established our headquarters, and there 
most of my collecting was done. Frequent 
trips were made to the neighboring moun- 
tains and cañons, including the a:;;cent of 
Gray's Peak. In the fall a trip was made 
to Middle Park. The summer of 1873 I 

pt\nt in 'Vestern \V).oming with Captain 


Jones's exploring party. In 1874 I again 
visited Colorado, but spent most of m)' time 
on the plains at the base of the mountains 
between Boulder City and Cañon City, 
though I made several tl"ips into the moun- 
tains up Boulder, Left Hand, and Clear 
Creeks. In 1875 I spent ðome time in Utah 
among the 'Vahsatch )Iountains. It Las 
always been my experience that, whert-ver 
flowers were plenty, so were insects. Con- 
sequently, I have always found a botanist 
to Le most excellent company on a collect- 
ing-trip. As my opportunities were better 
in 1872, my rem:trks refer mostly to that 
year, and it is not at all likely that any of 
the species I then noticed had been intro- 
duced. LiMs of the Coleoptcm, L(pidoptfra, 
H!Jmenoptn.a, and 01.t1wptera, conected on 
this trip, havp been published in the" Pro- 
ceedings of the Da,"enport Academy of Kat- 
ural Sciences," yolo i.; but I will here call 
attention to such of the species as seem to 
be mos'-useful in the fertilization of plants: 
HnlE
OPTERA.-BomlJUs jlariþ'orls (Cr.) 
was pt\rhaps the mpst common and gener- 
ally distributed of the bees, though it seem
 
to be quite a mountain species. I always 
found it wherever there was a patch of flow- 
Cl.S in an opcning in the timber, or at the 
tin
ber-line. I did not notice that it con- 
fined itself to any particular Idnd of flower. 
It may have done so, but I do not remember 
it. In company "ith the above, though 
somewhat le
s abundant, I found B. 100ma- 
rius, the species mentioned by .Mr. Meehan 
as confining its attention to POZ.I1!J01lUln bis- 
Im.ta, but I èiid not notice this peculiaIity. 
Both of tbe
e species were found abundant- 
ly at Empire City and on the surrounding 
llJountains. Besides these, Bombus borealis 
(Kirby), Apatlws i1lsularis, Antlwplwra Im.- 
minalis, 
Jc!JachiZc !Jenli/is, l1Je7 1 umeflw bo- 
realis, were found in abundance in the dis- 
trict referred to by 
Ir. .Meehan. Of other 
H.'Ime1lopto.a conected in this di:-trict, I men- 
tion the following, which probably were of 
more or less aBsistance in the fertilization 
of plants: Calliopsis (
p. ?), pl.osopis oJ!ini.<1, 
.A!Japostfmen texanus, Collcies consor.<1, Vt:s- 
pa d!abolica 1 A.mmopliÏla 1
lctl'o8fl, A. c(;m- 
mums, etc., besIdes a. consIderable number 
of smaner species as yet undetermined. 
For a more complete enumeraticn, I must 
refer you to tbe list above mentioned. To 
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and Herniptf'l"a are often quite active agents 
in the fertilization of plant!'!. Certainly the 
number of !;pecies of these orders found in 
flowers was very great, and it is more than 
likely that in going frlJm flower to flo\\er 
they cany some of the pollen with them. 
The .J.'fewidæ, Cltrysomelidæ, Ccramb!Jcidæ, 
Cleridæ, JfalaclÛdæ, J/orddlidæ, etc., wel'e 
especially noticcable by the lar
e numLer 
of spcoies and individuals. Triclwdes or- 
LEPlDoPTEp.A.-In the list referred to uatus (Sa}") was exceedingly abundant in 
I have enumerated forty-seven species of the flowers of Potentilla fissa, and, after that 
butterflies, which I collected, with but one had generally gone out of flower, on the 
exception, in the mountains. I have never flower!'! of the white ami red geraniums and 
anywhere seen buttí'rßies so abundant as I other plants. Owing to the fact that at the 
they were in the' alley of Clear Creek, be- I time I made these collections 1 knew the 
tween Golden City and Idaho 
pd
gs, on names of neither the plants nor insects, I 
July I, 1872. The ai:- seemed litera]]y to , cannot now remark more definitely on their 
(;warm with them. I cannot imagine how habits. A full list of the species collected 
the entomologists of 
[r. :Meeha,n's party will be found in the "Proccedings of the 
found them so scarce. 'Vhel'ever there Davenport .Academy," vol. i. 
were Bowen!, I was sure to find butfel'flie
, I think what I have said shows that 
though, of course, they showel a prcfer- there is no unusual scarcity of insects in 
ence to some kinds. Of the llderocera I the Rocky Mountains of Colorado, at lenst 
brought home over sixty Fpecies, mostly wherever there are Bowers. It should not 
undetermined; but this is no indication of he overlooked, however, that within the 
the actual humber occurring, for I took 110 Rocky :Mountain regions there are arid 
pains to hunt them, and only presCl.ved districts where neither insects nor flowers 
what came to me. are particularly abundant; and also that a 
The common morning lined sphinx simi1ar state ûf affairs exi:,:ts ill a dense pine 
(Deilepltila lineata) was freqnently seen fit or spruce forest. ,rheJ'ever flowers are 
dusk, hovering about various flowers, being plenty in the Rocky :Mountains, so are in- 
especiaUy fond of the yellow thistles. I do sects always; but the revprFe is oftcn not 
not now ('ecaU any peculiariry regarding true, for I have frequently known certain 
the oth('r Bpecie8, except th:tt they were in
ects to be e'{ceedingly plentiful ",here 
quite plcnty. Perhaps 1872 was an unmm- there were no flowers. The" entcmolo- 
ally favorable sea
on j but 
Ir. Theodore gist!';" of Mr. Meehan's p!lrty were certain- 
L. J[ead writes that in 1871 he spent four ]y very unfortunate ill finding so few insects. 
months in Colorado, mostly in the South I believe Mr. Morri
on, of Cambridge, an 
Park region, where he eoIlectpd over 100 excel1ent collector, intends spending next 
species and 3,000 specimens of butterBies, summer coHecting the insects of Colorado, 
and 4,000 specimens of beetles, .etc. I and he will be able to add his testimony to 
believe Mr. Mead has puhlished an account the ca
e. 
of his observations on Colorado butterflies Mr. Meehan has cf'rtainl
 read Lieu- 
ill the zoülo
ical report of Lieutenant tenant Carpenter's paper in Hayden's Rc- 
'VheelerË; explorations we
t of the lOOth port for 1873 very carelessly, or he \\ouhl 
meridian. [would also refer you to an have seen that the five species of butterflies 
article on Coloradian butterflies, by Tryon he speaks of ns being the "doings of a 
!leakirt, in the " Proceedin
s of the Ento- whole season" \\ ere an 
\lpine, and collect- 
mo]ogical Society of Philadelphia," vol. vi., ed above the timber-line, a re
ion which a 
1866, and to the more recent works of W. little further 011 he ruleg out of the discus- 
H. Edwards, alld others. sion. It is certainly true that these .Alpine 
Although Yr. Meehan does not mention "Lepidoptera are undoubtedly peculiar to 
t.hem, I have au idea that the Colenptcra I high latitudes and great elevations j" but 


show that I am not the only one who has 
noticed an abundõlllce of H!Jmenoptera in 
Colorado, I would call your attention to the 
papers of Mr. E. T. Cressen in the .. Pro- 
ceedings of the Entomological Society of 
J}hiladelphia," and particularly to a " Cata- 
logue of H!Jmenoptera fI'om Colorado Ter- 
"ito\'y," published in vol. iv. of those h Pro- 
ceed ings." 
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period it was fully a hundred times as 
great. The population of these t\\'o States 
was over 6,000,000, or lPore than fifteen 
per cent. of the total population of the 
United States. 
As it may be urgcd that these States 
51uffered heavily in loss of immigration, we 
will attempt to estimate their actual loss in 
this respect. The total loss of immigration 
is estimated (" .Kinth Census," vol. i., p. 
xix.) at 350,000. If we suppose the immi- 
gration into a State to he proportionate to 
the foreign population of that State, the 
proportion of loss in immigration for these 
two States will be 27 per rent. of the whole 
los
, or about 94,500. Omitting tl.e loss in 
EFFECTS OF TIlE WAR ON TIlE INCREASE immigration, therefore, the total gain of 
OF POPULATION IN TIlE LA
l' DECJ..DE. these two States will be 101,300. Even if 
we further suppose that these States suf- 
To tlte Editor Q/'tlte Popular Science 

lontltly. fered another special loss of 48,500, the 
TIlE Superintendent of tbe Kinth Cen- I total gain would stilI be only 150,000. 
sus, while showing the causes of loss in I Multip1ying this by 8, thc ratio between the 
population produced by the late war, neg- increase of population in thcse States (700,- 
lected to p
int out the actual decrease inci-I 000) from 1865 to 1870, and the estimated 
dent to thIS cause, as shown by the State increase of the United States for the same 
censuses of 1865. time, we get for the total gain of the coun- 
The retal.ding influence may be sc('n by b.y, without considering the loss in immi- 
reference to the Stutes of l' ew York anù gration, 1,200,1)00. Deducting this 10ES, we 
:Massachusetts. I have for the entire gain 830,000. 
In the former State, whereas the rrgular 'Ye have no reason to suppose that 
increase for each period of five years haù K ew York anù :Massachusetts were e
peeial 
been nearly 500,000, froll1 1860 to 1865 ; sufferers during this period. :Many of the 
there was a decrease of 29,000. From 1865 Southern States probably suffered more, es- 
to 1870 there was an increase of 52D,000. pecial1y in loss of negro population, which 
-(" )Ianual" for 1870.) amounted to half a million during this pe- 
In Massachusetts the increase of popu. riod (" Ninth Census," vol. i., p. x
iii.). 
lation from 1850 to 1855 was 138,000; There is, then, no reason to supposc that 
from 183:5 to 1860 it was 90,000; from the aboye estimate falls far short of the 
1860 to 186:5, 36,000; fr.om 1865 to 1870, truth. Even if the estimate is increased to 
lQO,OOO; and fl'om 1870 to 1875, 194,000. 1,500,000, which seems improbable, the 
The regularity of increase in the State is popnlation of the CDuntry in 1865 would 
shown by the fact that th
 difference be- still fall short of 33,000,000. This would 
tween the actJ
al population in 1870 and indic
te for the succeeding period of five 
that computed on the supposition that the years an increase of 5,500,000, which is 
increa
e was in arithmetical prflgression somewhat above the average. That this 
Was only 2,120.--(" 
Iassachusetts State large increase is actual is rendered proba- 
C
nsus " for 187:5. vol. i., p. xxxii.) ble by the corresponding Jarge increase in 
In these two States, therefure, the in- Massachusetts and New York for the same 
crease of population during the war
period time. 
was only 7,000, while in the next five-year 


the :,;pecies found lower down in the cañons 
often show a gl'eater affinity to )Iexican and 
Californian types. I was more fortunate 
than Lieutenant Carpenter, and took over 
tWt:'nty species of butterflies above the tim- 
ber-line. 
I have endeavored to show th:Ü some- 
times at least insects are quite plentiful in 
the Colorado mountains. They are cer. 
tainly more plentiful -in the mountain-re- 
gionò than on the plains. 
Yours very truly, 
J. DU
CAN PUTNAM. 


DAVENPORT, IOWA, January 10, lSi7. 


ÅLEXANDER DUANE, Union CollqJc. 
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made dIe slightest concession. lIe 
says, "There are difficulties in the way 
,YTE call attention to the important of a lot of boys making IlIe!-'SéS with 
"V paper sent to us by Prof. IIux- slugs and snail::;." Prof. Huxley 11115 
ley, on the study of biology. Rcience, here put his finger upon what is the 
as the highest expression, and the most formiùahle obstacle we have to en- 
accurnte and methodical form of knowl- counter in the study of the real ob- 
edge, is pre,,::;in
 its education
l.l claims j jects of Nature in common schools. 
and Prof. Huxley here offers us some Books, lessons, and recitations, are 
very important considerations on. the cleanl
., and give no trouble; ohjects 
nature of biological science, and why as matters of observation and study by 
find how it SllOUld be tak('n up in insti- indidùual pupils are dirty, dl1ttering, 
tl1tions devoted to mental culture. Per- anù untidy, if not messy, sloppy, flJl(l 
haps no living man can speak with more nasty. Experiments are tolerated, now 
authority. upon this suhject tlum Prof. I and then, for an hour, when carried on 
Huxley, not only froll1 llis profound by the teacher at one side, behind t:1- 
familiarity with this branch of know 1- bles, or where assistants can clean up; 
edge, and his recognition of the de- anù minerals and specimens are ul50 
mands of scientific education, but be- allowed when they can make a show 
cause of his own broad and libel.al cult- I in inacces:5ible cabinets j but apparatus 
ure, which prote(.ts him from n
rrow I and objects of any sort, for the use of 
views, and enables him to as:,ign their indiddual pupils - even rnicro:5copes, 
relative values to different branches of 
 minerals, or plants-are tIle bor: of the 
study. I school-room, find the torment of tidy, 
Nevertheless, when he comes to his methodical, and routine teachers. The 
fourth anù final question fiS to "'U'hen I superstition that education is pnrely a 
biological study may bQ best pursued," I matter of books is profound :md inyet- 
we think he is le
s satisfactory tban in I crate-so much so, tl13t even the em- 
dealing with his previous questions. ployment of blackbonrds, maps, find 
This, as we look at it, is much the 
 globes, is looked upon as something in 
most important inquiry, and desen-es a I the way of concession to the spirit of 
fnller investigation than Prof. Iluxley modern innovation. The ideal of the 
had time to give it; while what he did school is pure wordiness, ,,'Hh a mini- 
say, from the use that will inevitably be I 111l1m of bother from anything not in- 
made of it, will be liable to do more eludcd in the text-books. 
harm than gooù. Prof. Huxley is de- As regards biology, of course, the 
ciùed in the conviction that hiological difficulty takes its most n
granlÌcd 
study should be macle a part of ordinary form. There is a deeply-rooted and 
school-training-, and that it can be car- unh.ersal prejudice against tl1e whole 
rieù out with case :md profit to tho::;e tribe of lower creatures, typified hy 
who are t:mght. Rut he anti('ipates. Prof. Iluxley's "slug's and :mails." 
and yields to an objection which, as Onr readers who have gbnced at the 
things are, will be certain to work the biographical sketch, in the preceding 
utter defeat of the 
tudy in "ordinary pa
es, of an eminent Scotch naturali
t, 
schools," and an objection, to the force who has done nohle work for science 
of \V bicb, we think, he sÌlould not have in his loc:l.lity, win remember tl13t he 
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was turned out of three schools before procured anywhere. Prof. Huxley eays 
he was se\"en years old, in consequence that" plants do not make a ruess-at 
of his irrepressible passion for collect- least, they do not make an unpleasant 
ing the curious natural objects wbiclJ mess," but the quality of the mess is 
fell in his boyish way. But the feeling not the important thing. TIle study of 
which led to the treatment of little plants is resisted in schools, and, when 
Tom Edward is far enough from being attempted, is often abandoned, simply 
confined to his hrutal and besotted because of this circumstance; and, when 
teachers. 'Ve have seen cultivated, the principle has been once conceded, 
high-school instructors, and parents as in the case of plants, the difficulty 
claiming to be liberal and inteJIigent, practically disappears in regard to nni- 
who would crr out with horror to see mate things. If there is tIle slight- 
their children touch snch repulsh'e est interest in the suhject, fhere need 
thing:,; as worms and frog
, and threat- l)e no trouble. Classes of children a 
en them witb a thrashing if they dozen years old can go through Prof. 
brought them in or around the house. :Morse's admirable" First Book of Zo- 
It is this vulgar and absurd preju c 1ice ology," collecting numerous specimens 
that stands in dJe way of anything like of insects, slJell s, and creatures found 
rational biological study in our schools. in ponds and puddles, and, if his <1Ïrec- 
"Gndoubteùly, it is very nice and pleas- tions are followed, \\ hich may be easily 
ant to learn naturallJistory out of text- done, there will actually be less litter 
books fun of pictures, and abounding and inC'on\'enience tll3.n is usual with 
in pretty anecdotes al)out animals; but the study of plants. The" difficulty," 
we can only get the study, in place of in 61<'t, is not real or intrinsic in the 
this, of actual living creatures by bat- conditions of the case, but, as we ha,'o 
t1ing with and conquering the foolish I had occasion to notice again and again, 
infatuation of people in regard to the it comes from the stupid ignorance anù 
repuhiveness of the inferior forrr:.s of fu:ssy meddlesomeness of parents, who 
life. .C npel'verted children are fond bully the teacJJers fit every dcviation 
of them, find this feeling should be from the" horrid demnit ion grind" of 
cherished :md encouraged, find made book-lessons find recitr.tions in the 
available as an impulse in early study. schools. The fact is, if we ever get 
Prof. Huxley knows how to deal tell- the study uf Nature into the schools, it 
ing blows fit the various pestilent big- can only be by breaking down the su- 
otries of society that stand in the way perstitions by which they are domi- 
of its intellectual progress; and we nated; the deadlr order, by which Na- 
should ha,'e been better pleased if he ture is l
ept out 
 and by a larger recog- 
]13d denounced this prejudice as it de- nition of individual aptitudes, and much 
serves, rather than make tacit terms freer opportunity for the obsen-ation 
with it, fiS a " difficulty," because prog- and study of natural objects. 
ress is only made as difficulties are over- 
come and got out of the way. 
As to human physiology, we doubt 
if it is the proper door to biolog-y, 
eitJler for young or old-it is putting 
the complex before the simple; and, 
although viscera may be had at the 
butcher-sllOps, we fail to see what is 
gained on the score of "messiness" by 
substituting them for" slugs or snails," 
or the simpler forms of life that can be 


ROlIE QUESTIOKS Aii"SJrERED. 
A PT'BUC appeal was made, through 
the Tl'ilnme, by Re\T. Dr. Deems, to the 
editor of TIlE PorrLAR SCIEXCE MO
TII- 
LY, to make good certain statements 
contained in the criticism of Dr. Tay- 
lor's letter. Dr. Deems avows that 
his" questions fire submitted for infor- 
mation," but we suspect he is not half 
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so ignorant as he pretends; as others, interested, as it had been circulated by 
however, are also ask
ng for explana- thou
anùs in this country in his vol- 
tions, we will consider his most iml,or- ume of "Lay :-;ermons:' Is this to be 
tJ.nt points. construed into inability to maintain 11Ïs 
"\Ve 11,HI remarked: "A theory is theory against the objections raÎ:::;ed in 
s
id to be demonstrated when it brings the name of physical astronomy 'I 
all the known facts into agreement, ex- Secondly, Prof. Huxley replied that, 
plains them, excludes all other interpre- granting the validity of tÌ1e case made 
tations, and is consistent with itself and out by the "physical astronomers" 
an that is understood of the ways of (which, of course, lie did not grant), 
Nature." Dr. Deems asks: " Did Prof. even then the biologist hns little rea:,on 
Huxley' bring all the known facts into to trouble himself about the result. 
agreement?' Did he show that his His proof of evolution comes from an- 
theory was ' consist
mt with all that is other source, and demonstrates to him 
understood of the ways of X ature ?' I that there must assuredly have been 
Did be not tacitly aùmit that he was time enough for its occurrence. It has 
not ablð to show that his theory was I been cU5tolllary to affirm that the evo- 
, in agreement' with what physical as- I lution of life has proceeded at a very 
tronomy teaches us of the' waJs of Ka- slow rate, and required vast periods of 
ture? ' " I time; but what is the basis of the as- 
Prof. Huxley certainly made no such sllInption? It is that the series of liv- 
ndmission in any form or degree, anù I ing forms is distributed through e
ten- 
we are at a loss to see how his utterance I sive deposits of stratifieJ rocks whieh 
or the report of it can be so construeù. I the geologist says it has taken vast pe- 
Possibly it is because he dismissed the riods of time to make, and, as the course 
subject SOIlll
what curtly, which was in- I of life-changes hm; been coeval with the 
terpreted into an unwillingness to face I course of 
tl'ata-deposition, if the geolo- 
it, accompanied by the further infer- I gist is right, evolution must hare been 
ence that he was unable to do so. But slow. But, 
f the geologist redses Ids 
it i
 to be rememuered that the ques- I di1Ì:1 either waJ', the biologist will sim- 
tion was thrust upon him uy editorials I ply accept the result, and occupy tl]e 
in leading newspapers and by pri,"ate time. He only says: ., There, in the 
communications, and was not embraced: vast succesbion of rocks, is our proof 
in the phn of his argument, to which I of evolution as a matter of fact; the 
he had not lwlf time enough to do jus- geologist and the phJsicbt may sct- 
tice. He was, therefore, compelled to I tle the question of time between them, 
be brief; but the case was squarely and inform us, if they .cnn, how long 
met. It had been ohjected that evolu- it has taken." .And what is there 
tiun cannot be true because physical here of tacit concession that bis case 
a
tronomy proveR th
t there has not was weak as against the" teachings of 
been time enough since the cooling of physical astronomy? " 
the earth for the slow processes of life- Let us now briefly examine that 
unfolding to have taken place. To this case, and see how much occasion for 
Prof. Huxlûy replieù, fil.St, that he lwd anxiety it gi\"es to the adherents of the 
already considered the subject in an doctrine of e,'olution. "The teacllÏngs 
atltlre:,s ut'fore the (;eolo
ic
l 
ociety of plJysical astronomy" here referred 
of which he was prl'
iùènt, and had to mean the mathematicnl and pl1ysical 
8ho\\"e:1 that the ,. teacIJings of physical speculations of Sir "\Villiam Thomson 
astronomy" 3S against geological time in regard to tIle rate of cooling of the 
are not sound; and he, moreo\-er, knew sun and of the e
rth, the retnrùation 
that this aùdress was accessible to all of the earth's rotation by the drag and 
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friction of the tide
, the influence of I anù sixty years would be allowed for the 
melting polar ice, etc., speculations that accumulation of an inch of sedement::try 
have by no mean::; taken tbeir place rock; or, if three hundred million yeurs 
among the established principles of are taken, the rate of stratified growth 
physical astronomy. But Sir William would be one-two-hundred-and-forty- 
Thomson concludes that a limit is to ninth (Eh.) of an inch annually. This 
be put to the time during w hkh life i::; a very moderate pace, and certainly 
can have existed upon the earth. Yet affords 1ittle ground of complaint on 
it must not be supposed from this that the part of the biologist tbat be is 
his chronology at all approximates to pinched for time by the geologist and 
that of ArcJJbÜ;IJOp Usher. lIe assumes, physicist. Prof. Huxley, therefore, had 
and draws his arguments from, the neb- not the slightest reason for admitting 
ular hypothesis, and, instead of starving that his tbeory was not" in agreement" 
tbe geologists in their allowance of with wliat plJ.rsical astronomy teachcs 
time, it must be confessed tl1at he deals us of the L' ways of Nature." 
with tl}em very liberally. lIe says he Continuing the same line of thonglJt, 
belie, es that "the existing state of Dr. Deems quotes our remark that" it 
things on the earth, life on the oarth- is a demonstrated fact that life has ex- 
all geological history showing continuity isted on the globe through periods so 
of life-must be limited ,,-ithin some vast as to be incalculable," and asks: 
such period of time a::; one hundred ".Where, wben, and how, was this ever 
million years." "Some such period of 'demonsti.ated?' Has it not been 
timc!" T!1Ïs is sufficiently vague, and shown tJltlt within a period not' inc31- 
raises the query, "Does it mean that culable' life could not have existed on 
the time may hm-e been two, three, or tllis globe?" "\Ve certainly did not mean 
four hundred million years?" Prof. that the resourees of arithmetic fire in- 
Thomson himself puts this interpreta- sufficient to express the time during 
tion upon it when he sa,rs dsewlJcre of which life IJas existed upon earth, but we 
the high surface - temporature which did mean that the periods are so vast 
made life impo!'sible: '
\y e must still nnd obscure as not to be brought with- 
admit some limit, such as fifty million in definite estimate or "calculation." 
years, one hundred million years, or two And of this the whole science of geol- 
or three hundred million years ago. Be- ogy affords the demonstration. If tbe 
yond tllfit we cannot p:o." And, again, rocks have been formed in succession, 
he expresse<; the opinion that the sun fiS geology has proved, and twenty miles 
bas not really illuminated the earth for of strata have been piled over the ear- 
n period of fh-e hundred million years. Hest-appearing forms of life, then the- 
But ar<> the geologists so very badly time since liYing creatures came has 
cramped by thcse limitations-even as- been indefinitely vast, and that the pe- 
suming them to he established? The riods are not amenable to anything like 
total thickncss of stratified rocl.::!' con- "calculation" or trustworthy e:;:timate 
taining traces of life may be taken, on is shown by tbe way the subject is dealt 
the be
t 
eological fiuthority, as one with in our most authoritative geologi- 
llUndred thousand feet, or nearly twen- cal werks. "\Vhere uncertainty enters 
ty miles. The d2posit of one hundred largely, positive calculation is excluded, 
thousand feet of stratified rock, in one and accordingly we find t1wt when the 
hundred million years, implies that the ablest geologists approach this subject 
deposit has taken place at the rate of they either abstain from an
' attempt at 
about one-eighty-third (
) of an inch I calculation, or t1ley refuse to deal with 
per year. If the "some such period" I it, in terms of years find talk of eras, 
was double that time, then a hundred epochs, and cycles. Prof. Dana speaks 
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"of the rclath-e lengths of the ages Deems, which, for want of space, wo 
and pCl'iuds, or their timc-ratios," and put over to next month. 
says "futuro' discovery will probably 
enable the geologist to determine these 
r.ltio
 with flr greater certainty and 
precision. .Although geology has no 
mean" of suùstituting positive lengths PROF. MORSE has been quietly de- 
of time in plare of Huch rati09, it af- livering a course of four lectures, in tho 
forùs facts sufficient to prove the gen- large lULU of the Cooper Institute in 
eral proposition that Time is lOllg." this city, Oil "E\'olution." 'Ye say 
This" proof" we hold fiS demon::.tra- quietl.1l, because there has not been 
tion; and the substitution of " relati \'e much said about them by tho pre

, as 
lengths of n
cs and periods" for" posi- they have been giv
n in the admirable 
tive lengths of time" certainly justifies series of free Saturday evening lectures 
the use of the term" incalculable" 30<; that run through the season, and hnvo 
applied to them. become matters of course with the lect- 
'Ve had said that "it is a demon- ure-going public. Yet these lectures 
strated truth of 
ature that m:1.tter is of Morse's Illight wen have attracted 
indestructible," and Dr. Deems asks: the prominent attention of our news- 
"WIÚm, where, and how, was this ever papers, as they were UnC(IUaled in the 
, dcmonstrilted ?' Even if it be true th
t skillful prc::.
ntation of biological facts 
matter is indestructible, can it be tlelll- and principles commonly dry and for- 
on
tnlted? Dm.e any but an infinite in- biddmg, 80 as to be perf
ctly understooù 
tellect lllake slwh an assertion?" It and intensely relished by large audi- 
was a theory held for thou
and5 of years encos of non-scientific peoplo. Prof. 
that., in the workings of N atm'o, matter Morse has romal"lmble gifts as ß lectur- 
is constantly created find destroyed- er, and in the field of science is without 
comes out of nothing anù goes back to a poer on the American platform. In 
nothing. 
[odern science brought thi:-; the first place, lw knows his subject 
theory to the tost of experim
mt, and thoroughly, and is c1largcd to overflow- 
showed that it was erroneous. X 0 facts ing with its latest anti freshest f:lctg 
were fouud to sustain it, but, on the and illustrations. In the second place, 
contrary, all the facts prove the truth ho has a faculty of rapid and accurate 
of the opposittJ thoory, that the changes dolineation of the forms and structures 
of matter are changes of form, and that of life that he is deaJing with, that is 
mattor it:'òdf i
 indestructible. ...\ the- uni(IUe and unapproachable by any 
ory is demon.;;tl'ated when nIl tho facts other man that we ever saw work with 
verify it. E\.ery oxperiment and ob- the hlackbom'ò. lIe cll3.lks as fast as 
servation in the wholo body of sei- he talks, find while he talks, and with
 
cnce, phy.;ical anel chomical; e,-ory fact, out spoiling his talking-; and by his 
indllctilJu, anù deduction, rearhed by marvelous ('reatioIl
 he holds his audi- . 
the human mind, confirms the truth of tors a,., closely through their eyes as 
the imIcstructihility of matter, an II their ears. His m:mner as a 
peaker i
, 
thore is no shadow of ovidence against moreover, free. col]oqllial, 
piritea, and 
it. What is this but a demonstmtiùn ? impres
ivc, amI his utterances \ igoroll
, 
.And, if the proposition is sustained by pointed, filHI racy. Theso nrts are, 
this lligh degreo of proof, we f..lÍl to soe howcvcr, all subordinate to the solid 
what there is of ,. daring " in giving it work of instruction. The last lecture 
3 label th
t expre:,:;cs the fact. of his cour
e, althoug-h dealing- nppar- 
There remains another important ently with technical and formit1able sci- 
point suggústcd by a question of Dr. I entific fact., concerning the relations of 
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cious and misleading, from its incom- 
pleteness and want of a secure scientifie 
basis. It has neglected the corporeal 
side of human nature. As mind is 
never manifested except by and through 
a material substratum, no analysis of 
it, no statement of its modes and con- 
ditions of working, can be scientif..cally 
grounded, or true to Nature, or full and 
trustwortl1Y in its elements, that does 
not take into constant and essential ac- 
count the organic concomitants of in- 
tellect and feeling, or the bodily organ- 
ism. By doing this, mental science has 
not only been widened and deepened, 
hut placed upon a positive foundation. 
Prof. Bain is a pioneer, and an eminent 
authority, in tbis great reform of men- 
tal philosopllY. His principal works 
upon the Jmman mind, "TIle Senses 
and the Intellect," and "The Emo- 
tions and the WilJ," are comprehensive 
TIlE readers of the :MONTIILY will expositions of mental science from this 
harùly need any reminder as to the point of view, and have thorougilly pre- 
importance of carefully perusing the pared their author for treating the ap- 
first art ide in our present num her, plications of scientific psyehology to 
concluded from last month, on "Eùu- the practical busine
s of culture. In- 
cation as a Science." Every art, when deed, no better vindication of tlJis 
science comes to be applied to it, un- method of treating the subject of mind 
dergoes something like a revolution, can be furnished than that which the 
as the principles which control it are reaùer will gather from his last essay 
gradually working out into such clear- on the conditions of mental acquisition 
nc
s that they cnn be followed in prac- in the paper herewith publislled. The 
tire. And however important this fact vagueness of metaphysics here disap- 
may be in relation to the industrial arts, pears, and the various forms of mental 
it becomes of infinitely greater moment effort are graded, not with reference to 
when the olJject to be attained is the abstract considerations, but with refer- 
cultivation of the human mind. It is ence to the variable vigor and unequal 
difficult to exaggerate the benefits pbstic power of the corporeal system. 
whid! must follo\\T the establishment The most important questions of prac- 
of scientific principles for regulating tical education can only be resoh-ed 
the work of education, and every valu- from this point of view, and from this 
able cont.ribution to this end is entitled point of view they are capable of being 
to the most serious and sympathetic resolved in a way to command the con- 
consiùeration. fìdence ofteachers. and guide the opera.- 
Hitherto the dictators of educntion- tions of the school-room. Prof. Bain 
nl method have 1)een metaphysicians. I is expected to pursue the subject in 
JIm.iug taken po
sess
on of the rrov- future into the details of educational 
ince of mind, t.he:r lla'-e claimed to be practice, and the readers of the MOKTII- 
bw-givers in all that pertains to its LY will probably hear from him again 
management. But their method is vi- before very long. 


organized creatures, living and extinct, 
was :ret nothing less than a delightful 
entertainment. His vast audience of 
three tlJOusand people were held spell- 
bound and so closely occupied with the 
interest of the discussion that the at- 
tempt at cheering was repressed as an 
interruption. Something, however, was 
due in thiR remarkable effect to the in- 
tel'est of the theme, and the rapid lib- 
eralization of public opinion that has 
latterly taken place; for fifteen years 
ago it would neither have been possible 
to get such a multitude together to lis- 
- ten to the uncompromising defense of 
evolutionary doctrines, nor could Prof. 
Morse have kept such a crowd in con- 
trol e\.en if they could have been got 
together. 
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versial, and others devoted to the develop- 
LITERARY NOTICES. ment of advanced opinions in which he is 
deeply interested, and 3011 of them with a 
Fn \GMESTS OIo' :;CIEXCE: A :SERIES OF DE- scientific substl'atum, and exhil>iting the 
TACIIED E-;SAYS, .ADDRESSE
, AXI> R..:- best excellences of his eloquent style, that 
VIEW::!. By JOIlS TYSDAI.L, }'. R. S. we shall find the chief secret of the bold he 
:Fifth edition. Xcw York: D. Apple- 
ton & Co. Pp. ()
3. Pril"e, :tit, 50. has obtained upon all c1alÒses of readers. 
These papers were collected, a fcw years 
PROF. Tvsn.\LL'g position ill the world 
ago, in a volume entitled "Fragments of 
of thought, ut the preRent time, is one of 
Science," which proved one of the mObt 
very mal'ked individuality, and there go 
popular of his works. It passed through 
several strong factors into the composition 
four edition
, and the fifth now appears, 
of that wide and powerful i!illuence as a 
greatly enla'tged oy recently-published arti- 
thinker which he has cxerted upon the 
cIes, and containing one hundred and nine- 
mind of the period. In the fh.st place, the 
ty-three pages of matter not found in the 
a
e is scientific to so great a degree that 
former .American edition. !)ro( T.yndall 
all human interests are more disturbed by 
h . I b f, P f T has rearranged the work, grouping togethpr 
t IS agency t Ian ever core. 1'0. yn- .... ) 
d 11 ' . . fi ' d .. the more sClCntlfic artIcles m I art I., and 
a s f'Clentl c acqUlremcnts an trammg . . . . ) 
h fi . 1 . I I . the controver:;Ial dl5CU5blOllS 1ll I art II., to 
are t ere ore 111 mrmony WIt 1 t 1e {!reat lll- I . . . . 
II I t f h . 1 h h i. whIch there IS a specml and ablc mÌl'o- 
te ectua movemell 0 \\ lC 1 e as ue- , 
1 .1 d t ti II ' duction. All th
 articles have b('cn care- 
come a eauer an represen a ve. IS .., . 
h fi 1<<.1 f I 1 th f fully reV1:,ed, \nth a ncw to makmg them, 
c os en e 0 a WI', moreover, at o. . 
h . . th h . h I II III the l)Jghest degree, cleal' and accurate. 
p '.SICS, IS e one w lC. peop e gencra y . . . . 
. b t d t . t I . 1 1 . Commendation of this work IS f>uperfluous, 
are eS prepare 0 apprecl3 e, w II e llS 
. . t 1 fi t . I ' t . 1 .. d but it is one of the volume3 tbat wide- 
mO'enUl y ant ('1' I 1 Y m (eVlslllg new an . 

 k ' . t fi tl . 11 t t . f . awake readers cannot \Ycll do wIthout, and 
stl'l m 6 c'\pcrlmcn s or lC 1 us 1'30 IOn 0 .. . . 
f t d tl f t ' . . 1 1 whIch IS alwa,'s ready to furmsh Illstruc- 
ill'S, an Ie proo 0 prmclp es, a ways . 
1 tt t . t I t 1 1 t fli tion and entertainment for an odd hour. 
compe a en Ion 0 W ia Ie la
 0 0 er. 
Again, his consummate mastery of the arts I 
TOLLuAL51E
's TEcnxoLoGlc.\L DICTIO
ARY. 
of cxpo..ition, the clearness and beauty of 
1'a1't I., .French-Gel man-Engli:,h; Part 
his statem
nts, aud the high litcrary finish Ir., English-German-French; Part 111., 
of all hig work, give him the command of Germ.ln-English-Frcnch. .Kew Yod{: 
cu1tivatf'd minds wlll'rcycr Eng1i,.:h is re3d. I Holt & Co. Price, 83.5U per vol. 
I
quany impor
ant, al::o, in any estimate of I TIlE eO
I1pilers of generai dietionarics of 
Prof. Tynd.llrs power, is that fearles:o:ne8s two or more languages have hitherto given 
of spirit, and unflinching aUegiance to what out littlc thought to secure either fullness 
he considers the truth, that giv-e boldne8s Or accuracy in their vocabularics of techni- 
to hi
 uttcl.anccs, and carry him to tIle front cal terms, c..:pecially tho
c employed in thf' 
of the conflict, in which science strugglcs I useful arts. Such terms having no place in 
wit
1 the forces of ignorance, p,.ejudice, and I Jiter'ature proper, and the e"\istin
 diction- 
superstition. These d:>ments, of C01Jrsc, aries b
ing designed mainly as ke) 
 to the 
arc not crplal:y combined in all his produc- Iliteraturc of the \"ariou
 languages, the defect 
tions. In his scientific memoirs we hayc of which we 8peak b('come
, under the cÏr- 
only thc record of laiJorious and painstak- ('umstance
, vel!ial. Rut we are from day to 
ing re
earclll's, but they are alway:,; elegantly day con ling into clo
el' industl'Ïal relations 
written. In his volumes upon" II('at "and with the outer \\ orld, nnd the necd of such 
"Sound" we are chiefly struck by the lu- a work as that opfore us has lon
 becn fclt. 
cid and methodical exposition, interspersed The author of this work has spared no 
with poetic touches and expres
ion
 of fine pains to make his dictionary complete and 
fce1ing, awakeneJ by the study of X ature's accurate, and Ill' is to be congratulated upon 
deepel' harmonic
, and which are a con- the SuccesS with \\ hh:h he has performed 
stant source of pleasure to the studf'nt. hi
 very difficult ta
k. The fir;,:t part of 
Uut it is in hi:; mrious miscellaneous ra- the \\ork (French-German-Eng1ish) em- 
pel's, some of them ùiùactic, some contro- Lraccs EQn:c ü;),QOO technical terms and 
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phrases, the second part (EngliSh-German- , original and independent, and he has done 
French) about 76,001J, and the thiI'd (Ger- his own thinking throughout, from his ex- 
man-English-French) OVH 90,000. As was I po;,;ition of a radical and thorough-going 
inevitable in a work involving so mueh re- socialism down to the punctuation of his 
search, errors are not wanting, and a mul- volume, which he has carried out according 
titude of technical terms have been omit- to his own rules. So full a freedom of 
ted. Nevertheless, the author has rendered treatment ought to favor originality of sug- 
all inestimable service to the \vOl.ld of let- gestion and freshne
s of opinion, and the 
tel'S in the compilation of this dictionary; book will accordingly be found to contain 
its defects will di:.;appear under revision, as many ingenious ideas, and to abound in 
new editions arc called for. In the mean hints and statcments "hich will find a usc- 
time we are very well satisfied with the ful place in the future development of the 
wor-l{ as it stands, and can heartily com- subject. The author makes no large claims 
mend it as a trustworthy guide to the sy- for his work, but simply submits it to the 
nonomies of technical terms in the three common-sense of his readers for what it 
foremost languages of modern industrial may be worth in helping them to the study 
life. and understanding of social questions; and 
"hopes that, if the public cannot tolerate 
these writings as a work or science, they 
will, at any rate, tolerate thcm as a kind of 
serl110n to politicians and statesmen." 
)11'. 'Y right cla!"ses the elements or ae- 
ti,.ities of man's social life in six categorics 
or units, as follows: There is, first, the indi- 
vidual j second, the family; third, the so- 
cÌ<ll circle-by which he means 
TOUpS of 
affiliated or elosely-eonneeted families; and, 
fOUl.th, the pr
einct-by which he means to 
designate the neighborhood principle. The 
precinct is a fundamental idca in the social 
series ,yhich the author dcvdop
 with spe- 
cial prominence. "Precincts," he says, 
"are neighborhoods organized into civil 
governments; thcy are territories v:itlLÍn 
territol'iei;; they arc parts of a tribe or na- 
tion, and are 
o.t self-existent. In other 
words, preeincts are thc organizations of 
the neighborhood principle in civil govcrn- 
n1('n1. They might be corr.parcd "ith the 
, Btatcs ' of the Amcrican "["nion by calling 
them very 8111á11 and 'N'fo1"rncd 'states.' 
The precinct is the fOürth fundmntntal cle- 
mer.t or 'personality' of society as deter- 
mined in our analytie
." The precinct is dis- 
tinguished from thc corporation, and is the 
sma\lcf'ot political group, but in Mr. Wright's 
scheme it is endowed with many of the 
most important fun
tiolls of 
oYcrnment. 
The fifth unit is the nation, which is 
political on the hrger scale; and the sixth 
unit of society iH mankind, or the hurrmn 
racf', thc aggregate of all nat:Ol:alitics. 
Unùer this cla
sification the author Gif:- 
cusses a wide range of questions-in fact, 


rIU
CIPIA, OR RASIS OF SOCIAL SCIENCE: 
Bein
 a 8nrv('y of the 
nlJjcct from 
the Moml and Theological, 'yet Liberal 
and PI.ogl'cf:sive ::;tanùpoillt. By R. J. 
\VRIGIIT. Philadelphia: J. n. Lippin- 
cott &, l'o. ]>1'. ::>
4. Pricc, 8:-i.5U. 
'fIlE activity of modern 
pcculation on 
sorial subjects, while yet there are so few 
principles ('stabl;shcd for the guidancc of 
thought, has lcù to the widest and wildest 
diversity in the treatment of thi8 clm
s of 
questions. Tl.is is p('rhaps the bighe
t 
sphere of intellectual liberty, for in most 
other departments of thought there arc re- 
straints which come from more 01. less set- 
tl('d ideas. Thus in religion there are cs- 
tab1ishE'd creeds; in practical politics, con- 
stitutions, precedents, and the body of 
laws; in history, canons of interpretation; 
in sci('nce, faets, generalizatiCl
s, and de- 
termined methods-all of which cxert a 
regulative and controlling influence over thc 
specnlati,'e t('ndency. Rut in the social 
field very little help ('omes from any snch 
sources, and the fertile thinker is flS free to 
spin theories and ('xco
itate a philosophy 
as if hc had been the first to start inquiry 
in this domain. Thilt principles will at 
length be establi
hed to direct thc course 
of investigation, we are not permitted to 
doubt; but. thns far, the chaos of social 
philosophy, and the conflict of social doc- 
trines, are the most striking facts in regard 
to them. 
)11'. "Tright has made an earnest boûk, 
which is pervaded by an ('xccllent spirit 
and noble aspirations, but his views arc 
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c,'erything tbat belongs to gon
rnmcnt, 
reform, philanthropy, education, social prog- 
ress, communism, etc. The present vulnme 
i;; the first of a series to l>e carried out as 
the leisure or opportunity of the author 
may allow, 


AËRIAJ. X.AVIG.\TJO
. By tbe Late CnARLFs 
IkATC'HFIELD )h
SFlELn, ,1. A. Edited 
hy hi:; Brotl\l'I', with a Preface hy J. 
1. 
LGDLow. Macmillan ò:, Co. I'p. 513. 
Price, 8:>. 


TUE PRODLE:\I OF PRODLE:\rS, A
D ITS V A- 
RI!)US 8.)LUTIO:\S j or, Athei
m, D.1rwin- 
i
m, and Theism. By ('L \HK BHAllf;S, 
Presill'nt of .AhingùolI Colle,!!e, lIlillois. 
Cincillluti: Chace l:{, HàH. Pp. 4SU. 
.. Those who knew him intimateìy-a now 
Is a note prcfixed to this volum(\ and fast-narruwing circle-recollect well how there 
addressed to reviewers and critics, the au- I would ('omc upon him occasionully, :If tel' iutcr- 
thor requests thef;c. parties to "carefully I vals of quil'
ceucc. a kilJ(
 of dh inc a.fflatw.', and 
for 11 time his mind would bl'inJ,{ forth one device 
read the hook before they re\'iew it." after the other in rapid I:-ncce".
ioll. a::! thoE'e to 
This is only fair, and we undcrtook to whom the wJrltl rc...tricts the name of poets 
comply with the wdter's wi:-=h, but failed mulliply their works durin
 periods of creative 
to get through wi
h it eithcr carefully, I encrl!Y' The present volume i::! the fl.uit of 
one of the:>e rcriods, aud the wGrds at the cIo!:'e 
ha"tily, or in allY other way. For Jife is of the author's preface, ')Iy objcct iu wtitin; it 
short at the best, and is rapidly shortt'n- will be .,imply to deli vcr my brain of a burden 
infr, while \\"ork muJtipIies, and but little I which came upon it uninvited,' expl e:,!<, I be- 
time is left for reading. 
Ioreover, PI'e::;i- licve, the stricte::,t truth as to hi
 mental ex- 
dent Braden's volume is very suhstantial pel'ience.... . 
. .' I "If it be a..ked why, aftcr thc lapsc of a lUll 
and eontall1S a frood deal of prlllted mattcr qnarter ofa centuty, all ullfiuishcd "Ol'k by one 
on a page, which increases alarminhly after who is no more on eal th IE' presented to the 
the 34
d. Beyond douLt, if the depth of public, tbe answcr is-I. That the author him- 
the work is in proportion to its length, it I'elî wished to have so pr
:"cntcd it Whf'll. per- 
b ILl K h" f 11 fcct, and that he W!lS onc 01 tho"c who::!c \\ lshes 
must e va ua e. ... ot a\lng car(' II y han' a ri!.:'ht to bc carded out as far :I" may 
read it, we shalI not venture to revi(.w it, be practicable. 2. That although the fuet 
but we quite agree with the author a:: to the that he neVCl' completcd it Illig-ht milibte 
importanC'e of the di
cu"sion; and, as in ngaill:>t it::! publicatit'n unfini
hcd, yet it does 
his title he has s:mdwiched Darwinism be- Il
)t app<,ar t1
at any 
uhli('atiün j".
Ucd EÎ1.lce 
. . . hi::! dpilth ha" III III Y WI"C taken thc placc wInch 
tween Th
lsm and 
\.thets:J), Ollr readers will this \'ob':IIe was meant to occupy. 3. Thut 
infer his point of dew to be that of the è.VI'in!
 the 
8me intel'v'll eVPJltl'1 of hi!.'"h c-tnv- 
theolo
ian. The book is a theological on- I ity in the worid's hi
tory bave 
hown that 
slauO'ht upon the school of thilJkers of the quc:"tion of nël'ia]lI!wi
atinn may be OI
e of 
. 
 . . life and death to a nation. For we have liv<,d 
wInch )11.. DarwIll IS now the most con- I to 8ee, whnt d:1rIC'!\ l\I:1\l!"fiplcl dir] not. France 
!'picuous reprc:;entative. "regather from gm'crued Ihrol1gh halloonfl from bp"if>
ed Pnth', 
the introduction that the author formerly and n dictntor, who rcfnp.ed to de!"pnir of his 
did viO'orolis ser\"Íce and probably won hi
 country, cross the air o\er the heacl::' of hO:3tile 
C' . '. : . I uI'mies." 
theological 
purs, as a fighter of Illfidel:s III I 
pub1ic debates and written discussion!'. )fI-. )[ansfie1d l>cliewd -in the prac- 
He consider5 that thi:; bas afford
d him a ticaLi1ity of aërial navifration, and that the 
valuable u training" as a ch
mpion of rc- I prohlem will at length be soh'ed, find thc 
Jigion again
t the new phase of 8cipntific work is a close 3nfl searching inquiry into 
infidelity, and which enables him to deal the principle3 upon which sueh solution 
nl'y decb:Ï\'ely \\ ith Darwin, MiJI, IIuxlt'y, mllst depend. It will, th(,I'('[ore, he impor- 
Spcncer, Draper, Tyndall, and the liI
e, tant to the students of aëro
tation. 
whom he cuffs anù mauls about, in his bouk, The folluwing- passage from that witty 
without thc slightl'st mercy. The U Proh- philosopher, Hans Chri
tian Anderscn, 
lem of Pwblems ,. i
 ob\'iou5;I.\' a good deal when trcatin
 of the U ugly duckling," 
snch a work as "Modern Pln,::;i('al Fatal- I serves as a motto for tht' volume: u, 'Vhat 
ism," whieh we noticcd last month, but is next, I wonder?' said the hen. ' You ha\'e 
much longer. nothing to do, and so you sit brooding over 


TilE author of this book, "ho wrote 
also" Tra\'els in Paraguay and Brazil," and 
a "Theory of 
alt:;," is said hy 
lr. Lud- 
low, in Ilis pl.efaec, to ha\'e hl'en a lIIan of 
great fertility and originality of minJ. He 
sa)'1-\ : 
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such fancies. Lay eggs or pur, and you'll 
forget them.' 
" , But it is so delightful to swim on the 
water,' said the duck; 'so delightful when 
it dashes over one's head, antI one dives 
down to the very bottom.' 
" , \Vell, that must be a fine pleasure,' 
said the hen. ' You are crazy, I think: 
ask the cat, who is the cleverest man I 
know, if he would like to swim on the 
water, and perhaps to dive, to say nothing 
of myself. Ask our mistress, the old lady, 
and there is no one in the world clevcrel' 
than 
he i::;: do you think that she would 
like to swim on the water, and for the water 
to dash ovel' her head? ' 
" , You don't under:;tand me,' said the 
duck." 


TWELVE IDIO
IS SPOKES IN TIlE SOUTHWEST 
OF TilE UNITED STATES: PUEBLO AND 
APACHE DIAU:CT8, TO
TO, TOl'iKAWA, 
DIGGER, LTAH. V ocaùularies, pub- 
lislit'd and commented upon by Prof. 
ALBERT S. GATSl'IIET. "rcimaJ', lS7ö. 
8vo, pp. 130. (In the German language.) 
'Vestermann & Co. 
IN this volume a scries of vocabularies 
and phraseology, COllf cted by memlH'fS of 
Lieutenant GCOIge .M. Wheeler's survey- 
parties, were made the object of a comp31'a- 
ti\"C inY(
stif!ation by the author, a resident 
of K ew York City, who is already kIlO\\ n to 
the scientific world by various treatisc.;; on 
Indian language!:, and on European dialects 
found in the Alpine yal1cys. Oscar Loew, 
chemi::;t of one of Lieutenant "rheeler's 
pllrties, collected the main portion of these 
vocabularies, adopting for them the alpha- 
betical notation recommended by the Smith- 
sonian Institution. To 80h-e the long- 
standing problem of the primOl'dial habitat 
of the Aztec tribe, which forms a portion 
of the far-stretching .Kalwa race of na- 
tives, the author has united all the lin- 
guistic infonnation which can at the pres- 
ent time be dúrived from the study of the 
Pucblo languages, and has also il1ustraÜ:d 
the radical affinities of the other language- 
Rtoeks, "hich form the ohject of the puh- 
lieation. In additi('n to this, th(' volume 
contains one of the most exhaustive enu- 
merations of 
\.meric:m langnag('-stccks and 
dialect
 ever attempted from the genea- 
logical standpoint, embracing Xorth, Cen- 


tral, and South America, and gives a trans- 
parent synop:5is of the plan of thought 
and the morphological proces::;es observed 
in various idioms of the \Yestern Ilemi- 
sphere. From a separate chapter, the con- 
tents of which are novel to science, and 
of the highest lingui:,tic interest, we be- 
come enabled to follow Indian thought and 
Inùian combinatory powers to the YCry 
abys::;es and mysteries of primeyal "ord- 
formation and word-composition. 
A short appendix compares and ana- 
lyzes numerous tern;s cmbodied in the 
large word-table On pt'lges 
7 to 117, and 
clas::;ifie
 the numeral adjectives according 
to the various systems of numeration in 
use all o\Cr the divers parts of the globe 
(binary, quinary, etc.). On the last pages 
two curious Southern rock-inscriptions are 
figured and their interpretation attempted. 


TIlE LAND-BIRDS A
D dAME-BIRDS OF KEW 
E
GLA
D, WITH DE:':CRlPTIOKS OF THEIR 
HABITS, AKD KOTES. By H. D. 
hKOT. 
Salem: X aturalists' Agency, 1876. 
}'p. 3:50. I'riCl', 
3. 
TIllS bool,;: is likely to attract the atten- 
tion of ornith010gist
 on account of both its 
good and bad qualities. It is restricted in 
its scope to 1'
 e\V England, and intended 
chiefly to report what the author haf; him- 
self observed in the neighborhood of Bos- 
ton, but the. biographies are extended by 
copious quotations. Mr. Minot :;eems to 
regard the subject from the standpoint of 
an oölogist, and makes the breeding habits 
of hirds the most prominent feat me of his 
history. The long introduction is especial. 
ly addressed to egg-collectors 01. students, 
and contains mÌlmte informatien upon 
forming oölogical cabinets. This portion 
of the bool,;: should have been revised by 
the author, and cut do\\ n.at least one-third. 
As to tlw lung appendix, err. bracing keys 
by which to identify the eggs of the birds, 
and the bil'ds themselves mentirned in the 
volume, it is practically useless; while the 
construction of the two indexes is íooli:;h. 
This misfortune arises fren::. thc method 
of the book, "hkh-its charartel' and ob- 
ject consi.dered-is altogether bad. The 
arranp:ement of his subject-matter, under 
various signs and paragraph-marks, is only 
an obstruction, and we are sure the really 
great value of the" ork, as a whole, would 



LITERARY .1YOTIGES. 


over. The Andes of Peru arc being tra'- 
er:;cd by roads grandf'r than those of the 
.AztèC
. 
lIaving arrived at the Pacific coast, a 
half-hour's ride by rail took the travelers to 
the city of Lima. Arriving at .llollendo, a 
new village, "with the ocean on one bide 
and a vast desel'Ì on the other," Prof. Orton 
took the train f01' Lake Titicaca, a di
tance 
of 325 miled. lIe was the first passenger 
over thc ncwly-finishcd road to the lake 
from the Pacific. Thc route is over des- 
erts and apparent solitudes, on "hich look 
do\\ n some of the snowy giants of thc Andes 
18,000 fect high. At 107 miles the train 
stopped at Arequipa, a city in a valley of 
green verdure; and, finally, at Puno
 an In- 
dian village, 12,547 feet above the oeean. 
TIlE A
DES AND TIlE _\MAZON; OR, ACROSS B.dore reaching it the waters of Lake Titi- 
THE CONTINE
T OF SOUTH .A
[EItI.c
. By I caca wel'e seen. 
J

IES ORTO
, A. M. ThI.I'
 eÙltIOn, re- The hicrhest point on the route was 14- 
vIsed and enlaI'ged, contallHng X otes of 0 . ' 
a Second Journey across the Continent 660 feet, whcre snow lay OIl the hIlls, and 
from l'arii to Lima and Lake Titicaca. where there was no sound of life. " So 
,nth two 11:t])s and numerou=, Illustra- profound was the 8tillne
s that the buzzing 
tinns. N C\Y York: Hal'per & Brothers, of an insect would ha'.e been painful." 
187(; !>rice <:'3 
. .' 0 . . . I "I gazed," says the author, "rapt in 
IN popular mterest and III general SCI- th ht th I k } . f ) f h . t 
.. . oug, upon e a -e, JI'IIn U 0 IS ory. 
entlfic value this volume by Prof. Orton wIll I I rf: ,h . 1 t f 1 ') 49 '" L' t I . 
. . ts Sll ace, at a elg 1 0 ..., tJ lee, Ies 
occupy a favorable posItIOn among the many I I . th th t f I fit t . d 
. eve WI e ops 0 0 y moun ams, an 
excellent books of South Amel'lcan travel . 1 f 2 
 OO . 1 " 
I It Ias an area 0 ,t) sq uare nn 

. 
that have appeared since the great work E h d . t t 
.. 
 ..veryw ere aroun I are llJonumen S 
of DarwlIl III 183,), and to whom the vol- f . . 1 " t . 1 . h I d 
... 0 It CIVI Iza IOn W HC 1aS pa!"se away. 
ume befol'e us IS fittmgly dedICated. Of tl . 1 d f P th 0 
. Ie ral roa s 0 em, e roya, 
The account of the first Journev, made h . h b . 1, " It . 11 tt " t . t 
. > . . W IC was ell1g uUI ,WI a am a 1 8 
In 18ü7, was publIshed soon after, and was t t I t . h . ht f 1 "" 64 - L' t 
grea es e eva IOn a elg 0 .." <> lce 
favorahly received. The route on that oc- b tl I I f tl 
. ". a ove Ie eye 0 Ie sea. 
caslOn was from GuayaqUlI to Para, at the Tl 1 d t II . t f th 
. Ie gco op:y an na ura liS ory 0 e 
mouth of the Amazon, by way of QUItO. A . I th A d th. 
The second .ourne was made in 1873 mazon reg, IOn n.nl e n es, elr re- 
J y .' sources and lI1habltams, make several chap- 
and commenced whl're the fil'st one tcrml- f t . t B . d t 
I ters 0 grca lI1tel'es. eSI e8 wo maps, 
Dated. the volume contains 80 illustrations. 
By aid of two excellent maps, the route 
of the traveler can òe followed from rarå 
up the .Amazon, thence through furests, and 
over horrible roads upon the eastern slope 
of the Andes, to the great plateau and city 
of Cajamárca, " the most bcautiful plain in 
all the Andes." The city is 9,400 feet 
above the Pacific. In it are the remains 
of .Atahuallpa's palace and other memorials 
of the struggles of the Pcruvians with the 
Spaniards. 
"Two days from Cajamárca, the party 
shouted for joy at the sight and sound of a 
locomotive," a sign that theÏ1' hardships wcre 
VOL. x.-40 


be much morc strildng if this complicated, 
cross-reference catalogue arrangement had 
been dispensed with. 
Although the information conveyed is 
local, the account8 of the habits of the 
birds contain many new and valuable facts, 
stated in a way to inspÏ1'e confidence in the 
rcader. Mr. Minot's st) Ie, though often 
somewhat crude, and sho\\ing marked de- 
fects, is pleasant and strong. lIe has paid 
particular attcntion to the notes and songs 
of hiI'ds, and describes their music felici. 
tously. Evidently he has had a sharp e:re 
upon them everywhere, and under all sorts 
of cÏrcumstanees, t'01' his delineations abound 
in minute touches) which show close obser- 
vation. 
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SCIF
CE LECTl-RES AT SO(;'TH KEXSIXGTOX: 
1. "Photo
raphy." hy Captain AnXEY. 
2. "Sound and )Iusic," by Dr. STO
E. 
3. "Kinematic :Yodels," by Prof" KEX- 

EDY. MAl'iCHFSTER SCIEXCE LECTURES 
FOR TIlE PEOPLE: 1. "'Vhat the Earth 
is composed of:" by Prof. RoscoE. M:tC- 
millan & Co. 


THESE arc all excellènt addres
es by 
able men, and as popular as the nature of 
the subjects wiII allow. They are illus- 
tratpd, and on good paper, and the pub- 
lishers fmnish them at 20 cents apicee. 
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PRACTICAL COOKERY A!\D DINNER - GIVING. 
A Treatise containing Practical Instruc- 
tions in Cooking; in the Combination 
and sel'ving of Dishes; and in the Fash- 
ionable Modes of entertaining, at Break- 
fast, Lunch, and Dinner. Illustrated. to show how it is possible with moderate 
By Mrs. MARY F. HENDF.R
ON. Harper, means to keep a hospitable table, leaving 
& Brothers. Pp. 376. Price, $1.50. each reader for herself to consider the 
NOTWITHSTANDING the multitude of manifold advantages of making home, so 
books, good, bad, and indifferent, that treat far as good living is concerned, comfortable 
of cookin
 and eating in all their aspects, and happy." Mrs. Henderson expatiates 
the subject is yet far enough from being on" the fashionable modes of entertaining 
exhausted-the plenitude of its literature at breakfast, luncheon, and dinner," but 
serving chiefly to convince us of the imp 01'- insists that, in this case, fashion is not the 
tance of the subject. But there is evidently equivalent of fony. There is a general im- 
an awakening in the culinary world, and a pression that the genteel mode of doing the 
growing sense that, although it may have thing is expensive and extravagant. This 
rained cook-books for a century, the work would, of course, be so in many cases 
of reforming the kitchen and dining-room, whel'e ostentation is the object, but accord- 
and bringing them into some rational metliod ing to 11rs. Henderson it is not neces
arily 
of management, remains still to be accom- so. "Fortunately," f:he says, "the fashion- 
pIished. The dissatisfaction with bad cook- able mode is the one calculated to give the 
iog and barbarous eating is steadily spread- least anxiety and trouble to a hostess." 
iug, cooking-schools are multiplying, and People will no doubt continue to dispense 
many are asking anxiously what can be breakfasts, lunches, and dinners, on a scale 
done to amend our imperfect and evil ways proportioned to their means, but the author 
in the pn'paration and serving of food. of this book aims to point out how a fam-. 
Mrs. Henderson has therefore chosen a ily can live well and in good style, and at 
fitting time to put forth the results of her the same time with reasonable economy. 
study, observation, and experience, on these The book is written in a simple, direct, and 
important matters, and her volume, we common-sense manner, that lea,-es nothing 
think, will be widely welcomed and appre. wanting in the way of clearness. 
cìated, as an excellent contribution to the 
literature of domestic economy, at the A 
present time. It is comprehensive and 
practical, anel meets the general wants 
of families in a satisfactory way. It con. 
tains much information in regard to culi- 
nary implements, processes of cooking, and 
the methodical operations of the kitchen, 
which if made available will be certain in 
most cases to improve that branch of the 
domestic establishment. It is the merit of 
:Mrs. Henderson's book that it is something 
more than a compilation; it has gro" n out 
of her own practical interest in kitchen- 
work, much observation and correspond- 
ence, and an enthusia
m for housekeeping 
which ought to be more frequent among 
ladies. She gives an excellent array of 
sel.ected receipts, many tested by herself, 
and others by competent friends, while the 
choice seems to have been made with dis- 
crimination, such only being offered as have 
U stood the test of time and experience." 
An important portion of Mrs. Hender- 


son's book, and which wiJI meet a want in 
many families, is the prominent attention 
she gives to the art of serving meals. She 
says, in her preface: U Care has been taken 


COt"RSE OF PRACTICAL IXSTRUCTIOK IN 
ELDIEXTARY BIOLOGY. By 'C. H. Hux- 
LFY, LL. D., etc., assisted by H. N. 
:MARTIN, B. A.. etc. Macmillan & Co., 
1876. Second edition, revised. 
PROF. TIUXLEY has made himself remark- 
able among the leading scientific lights of 
the day, quite as much by the ease and as- 
siduity with which he has simplified Bnd 
expounded to the unlearned the mystel'ies 
of natural history as by the mental acu- 
men and power which have enahled him to 
discover so many of those mystel'ies. He 
is known better, perhaps, in England to-day 
as a teacher than as an investigator; hence 
it is not surprising that he has undertaken 
to sketch out and supervise the little book, 
costing only two dollars, of elementar:r bio- 
logical lessons, which has been written by 
Prof. :Martin, his former assistant and now 
Professor of Zoölogy at Hopkins Universit
7 
in Baltimore. It has grown out of Prof. Hux- 
ley's own experience as a teacher, and hence 
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is a thoroughly practical guiùe for progres- 
sive laboratory-practice, approaching the 
study through morphology antI botany, 
which the pl'ofessor considers the only safe 
road to a sound kno"leùge. "The study 
of living bodies," the author tells us, "is 
really our discipline, which i;:; diviùeù into 
zoölogy and botany simply as a matter of 
convenience, and the scientific zoölogist 
should no mOl'e be ignorant of the funùa- 
mental phenomena of vegetable life than 
the scientific botanist of those of animal 
existence. " 
The object of the book being to make it 
a labomtory-guide, a number of common 
.and readily-obtainable plants and animals 
ha ve been selected in such a manner as to 
exemplify the leading modifications of struct- 
ure which are met with in the vegetable and 
animal worlds. A brief description of each 
is given; and the description is fol1owed by 
such detailed instructions as will enable the 
student to know, of his own knowledge, the 
chief facts mentioned in the account of the 
animal or p1ant. h The terms used in bioI. 
ogy will thus be represented by clear and 
definite images of the things to which they 
apply j a comprehensive and yet not vague 
conception of the phenomena of life will be 
obtained; and a firm foundation upon which 
to builù up special knowledge wi1l be laid." 
Beginning with yeast, gradual advance is 
made to succe
sive studies of protococcus, 
proteus animalcule, colorless blood-corpus- 
cles, ba;teria, moulds, stoneworts, ferns, the 
bean-plant, the bell animalcule, fresh-water 
polyps (IL!/elm, etc.), the fresh-water mussel, 
the crawfish and lobster, and lastly the frog. 
A sketch of the habitat and gene1'3l charac- 
ters, the development, mode of growth 11nd 
micl'oscopic structure, anatomy, modf's of 
movement, etc., etc., of eaeh is givcn, fol- 
lowed by a schedule of laboratory-work, 
directing the student, with the aid of excel- 
lent figures, to the recognition of 3011 the 
parts of the animal or plant studied, not 
only in their shape and position, but in their 
rc1ation to other parts, their functions and 
theÍ1' development. The chief labor in 
drawing up these instructions has fanen 
upon Dr. Martin; but for the general plan 
useù, and the descriptions of the several 
plants and animals, Prof. Huxley holds him- 
self responsible. The result is a book of 
the greatest value for beginnel's in the study 
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of biology; supplement it by Rolleston's 
"Forms of .Animal Life," and we have a 
whole library. Stuùents who wish to "know 
of their 0\\ n knowledge" can ccrtainly find 
no better guide than this. 


LECTURES ON 

fE RECEXT Anv A:r\CES IS 
PHYSICAL SCIEXCE. With a Special 
Lecture on "}'orce." By G. P. TAIT, 
M. A. Seconù edition, revi
ed. 
fac- 
roillan & Co. Pp. 363. Price, 82.50. 
OF this new edition we can only repeat 
what we said at the appearance of the first, 
that it will be found an instl'uctive discus- 
sion of model'll dynamical problems, well 
worth the perusal of all who are intere
ted 
in this class of que
tions. The pugnacious 
temper of the al1thol', or rather perhaps 
the facility with which he gets into hot 
water with other scientific men, is illus- 
trated by the preface to the new edition, 
which is chiefly devoted to his quarrel with 
the German physicist, Prof. Clausius. In 
his additional lecture on "Force" he dis- 
cusses the different meanings that are given 
to the term, and the confusion that results. 
Ilis conclusion is, that "there is probably 
no such tlting as force at all! that it is in 
fact merely a convenient expression for a 
certain 'rate.'" "r e suspect that more 
work wiII have to be done here before the 
matter wiU be finally cleared up. 


ESSAYS I
 LITERARY CRITICI
M. By RICH- 
ARn HOLT HUTTON. Philadelphia: Coates 
& Co. Pp. 335. Price, 81.5U. 
IT is one of the great defects in literary 
criticism that a person who admires certain 
books or authors cannot detect their faults, 
anù that he who is prejudiced against them 
is unable to see their excellences. Mr. Hut- 
ton is, in a remarkable degree, free from 
this deficiency, and points out failings in 
his favorite authors which e' en a hostile 
critic might not have ob:;erveù. I1is great 
power is in being able to get at the funda- 
mental thoughts of the men whom he criti- 
cises. né is apparently more concerned in 
expressing with careful minuteness all his 
ideas on a given subject than in elaborating 
them ill to an elef!ant style. The es
ays 
which make up this volume are on U Goe- 
the," "Xathanie] Hawthorne," "Arthur 
Hugh Clough," "'Yordsworth," "George 
Eliot," and "
fatthew Ål'llold." 
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TIlE LIFE-HISTORY OF Or;-R PLAS"ET. By 
'VILLIAM D. GL""NNING. Illustrated by 
MARY GUNNIKG. Chicago: 'V. B. Keen, 
Cooke & Co. Pp. 368. Price, $2. 
To the obvious criticism that so large a 
subject as" The Life-History of Our 1'lanet n 
cannot very well be compressed within the 
limits of a handy volume like the present, 
it may be fairly replied that an outline of 
such a history, giving its ]eaùing features 
and more impressive aspects, is altogether 
a practicable thing. Prof. Gunning has 
shown this in the preparation of the vol- 
ume befOl.e us, which certainly presents 
the leading historic aspects of terrestrial 
life in a manner that is highly instructive. 
The book is a successful attempt to popu- 
larize a great branch of science without 
sacrificing or cheapening it. Although the 
author deals with many new facts which 
are usually wrapped in an obscure termi- 
nology, he yet presents them in such a plain, 
familiar, direct, common-sense manner as 
to be undel'stood by all readers who have 
the slightest interest in the subject. "r ell 
experienced in public teaching, he neither 
overshoots the average capacity nor wearies 
it by dwcHing too long upon the minu- 
tiæ of his topics. He, moreover, gains 
much in compression of statement by giving 
prominent attention to the general views 
and truths of his subject, rather than to its 
intel'minable pal,ticulars. His mode of ex- 
position is indicated in the following prefa- 
tory passage: "Facts do not enlarge the 
minù unless th('y are fertilized by princi- 
ples. Our aim in the preparation of this 
volume has been to conduct the reader 
through methods to results. The leading 
types of life which han' possessed the earth 
from age to age, he will find described and 
delineated. He will find the more signifi- 
cant t)'pes reconstructed, part by part, with 
so little of the phraseology of comparative 
anatomy that his mind, it is hoped, will 
traversc the methods and make them his 
own." The aim here proposed has been 
well attained, and, by treating his subject 
in the light of the g-reat principles of unity, 
con-elation, prç>gressive unfolding', and in- 
terconnection with the course of physical 
Nature. the author has invested the great 
historical problem of the earth's past life 
\\ith unusual interest and attractivene::òs. 
'Ve should Jike to quote copiously from 


" The Life-History of Our PlanEt, II but have 
not room to do so. The following passage 
is rcpre::òentative, and illustrates the writ. 
er's clear and pointed way of picturing 
phenomena before the minds of his readers: 
" In 181S TraiIl dissected one of the higher apes. 
and found in the region of the thigh a muscle which 
he thought had no representative in man. He named 
it the 8C{
n80riu8, or ' climbing' muscle. Late dis- 
sections have shown Trail! to have been in error. 
Its homologue in man is found to be the little mus- 
cle called gluteu8 mÏ1lÌ1nuR. .What is the meaning 
of this little useless muscle in man, unless it is the 
atrophied descendant of a real scansorius l' In that 
man-like ape, the orang, Dr. Barnard, of Cornell, 
has found a muscle whose homologue has never 
been found in man. In the orang it occurs as a ves- 
tige. It has almost faded out. It OCCUl"8 in the 
lower apes and in the half-apes, but always as a ves- 
tige, having no functional value. It 3}'pears again 
in the opossum, but no longer as a vestige. Thus, 
a muscle which is ob8(1lete in man, almost obsolete 
in the higher apes, less aborted in the l()wer apes, 
stilI less aborted in the half-apes, is found in the 
opossum with its functional value." 
The first ehapter of the book is devoted 
to what may be called the preliminary phys- 
ics and geology of the subject. The second, 
third, and fourth, treat of the rise and evo- 
lution of organic types, and the fifth is de- 
voted to the question of glaciers anù the 
part they have played in the history of the 
earth's surface. This is an exceBent chap- 
ter, and gives a very dear account of that 
most difficult matter fo; popular explana- 
tion-the relation of the precession of the 
equinoxes, and the secular variations of the 
earth's orbit to the glacial peri<1ùs. The 
development of animals, the appearance 
upon earth of man, his antiquity and mi- 
grations, and the origin and derivation of 
races, occupy the remaining four chapters 
of the work, which may be regarded as a 
kind of pl'eliminary text-book of philosoph- 
ical biology. It is neatly and fuUy illus- 
trated, and deserves to have a wiùe circula- 
tion. 


THE AMERICAN LIBRARY JOL"RNAL. (Month- 
ly.) Managing Editor, l\IFLvIL DEWEY. 
K ew York: :1<'. Leypoldt. Yearl)' sub- 
scription, $5. 
MORE than usual interest has been taken 
in the public libraries during the last year. 
The recent conference at Philadelphia, and 
the Report of the Educational Bureau at 
W. ashington, have now been supplemented 
by the Libra1.Y .Tow.nal. Its plan is to 
cover the entire fielù of library and biblio- 
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graphical interests, to answer, by leading 
articles, communications, notes, etc., all the 
questions which come up in the experience 
of libl'arians, and to form "an in
piration 
that \\ ill keep them up to their pr'Jfes- 
sion. " 
The coöperative 
ystem ought to work 
with as much benefit jll libraries as it does 
in other cases; and if, by mutual assistance, 
their conùition can be improved, the good 
influence will extcnd to the people who nse 
them. It was for the purpose of helping on 
in this good work that the Library Journal 
was unùertaken. There is a large band of 
associate eùitors, representing the leading 
libraries of the country, who should be able 
to make this perioùical valuable to all in- 
teresteù in the sul
ect. 


REPORT OF THE E
PLORING EXPEDITIOY FR01( 
SANTA FÉ '1'0 TIlE JUNCTIOY OF THE GRAND 
AXD GREE
 RIYERS IN 18:59, UI"DER TilE 
CmnlAND OF CAPTATY J. N. 
hCOMB; 
WITH GEOLOGICAL REPORT BY PROF. J. 
S. .K EWBERRY. "T ash i ngton: Govern- 
ment Printing-Office. Pp. 152. 
THE larger part of this work is occu- 
pied with Prof. .Kewberry's geological re- 
port. This was originally written and pre- 
pareù for publication in 18tH), but diù not 
appear on account of the rebellion. Ac- 
compan)'ing it is a map of the region, with 
eleven water-color sketch('s, sho" ing the 
characte1'Ìstic scenery, and eleven drawings, 
three 0(. scenery and eight of fossils. The 
report concludes with descriptions of the 
cretaceous, carboniferous, and triassic fos- 
sils collected on the expeùition. 


FOREST - CI"LTURE AND ECCALYPTUS - TREES. 
By ELLWOOD COOPER. San :Francisco: 
Cubery & Co. Pp. 238. Price, 
1.50. 
A LECTURE by the author on "Fore
t- 
Culture and AUi'tralian Gum-Trees" occu- 
pies the first part of this little book. To it 
are appendeù four essays by Frederick von 

Iiiller, of Austria, discussing various sub- 
jects relatiDg to forest-culture, the desira- 
blene
s of planting tree
, etc. The culti- 
vation of tl'Ces is a matter of considerable 
importance, and this work is intended to 
impress it upon the public attention. 
The U Fifth Annual Catalogue of the 
Santa Barbara College" takes up the last 
thirty pages of the book. 
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Y ACCINATION AS A PREVESTI"'fE OF S
IALL- 
pox. By W. C. CUAPMAY, 11. D. To- 
ledo: .Brown & Faunce. l'p. 91. 
THERE is found to be an inverse ratio 
between vaccination and small-pox, anù 
the average amount of deaths from small- 
pox has been only two in a thousand in 
those countries where vaccination has been 
rendel'ed compulsory. Its importance is 
now universally admitteù, though it is not 
so generally acted upon, and for this rea- 
son any f1'esh remindCl'S cannot fail to be 
beneficial. While advancing nothing ah- 
solutely new, Dr. Chapman preseDts the 
existing knowledge in a manner v. hich af- 
fords a full understanding of the subject. 
Aftel' giving a hi:"tory of its earliest appli- 
cation and dpvelopment, he discusscs the 
following questions: U Docs vaccination 
protect the system fl'Om contagion of 
mall- 
" pox? Why docs the protective power of 
va
eination become so impaired as to ren- 
der revaccination advisable? '''hat causes 
have prejudiced the puLlic against the op- 
eration of vaccination? 'Yhat measures 
should be instituted to enforce a due appre- 
ciation of the benefits of vaccination?" 


RULES FOR A PRII"TED DICTIOXARY CATA.- 
LOGUE. By CHARLES A. CUTTER, Libra- 
rian of the Boston Athenæum. Wash- 
mgton : Government Printing - Office. 
Pp.89. 
THIS pamphlet forms the second part of 
the United States Government report on 
the public libraries. In many of our smaller 
cities and towns the value of the libraries 
is greatly impaired, since there is no dil'ect 
way of discovering their contents, or of 
being able to finù a book on a given sub- 
ject. As the libraries enlarge and outgrow 
their catalogues, these difficulties increase. 
Mr. Cutter goes into the minutest details of 
clasi'ification in this es;;:ay, laying do\\ n 
203 rules which he expands and illus- 
trates. The work is, perhaps, a little too 
thorongh to be altogether practical in 
the hands of many librarians. If the 
directions were not quite 
o numerous, anù 
some of the details had heen suppressed, 
it might have been more effective. A libra- 
rian will, however, be better ahle to utilize 
the books unùer his charge if he make 
himself familiar with the rules given by 
Mr. Cutter. 
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THE POPULAR IIEALTH ALMAKAC, for 18';7. . that will completely set aside Pitman and 
Edited bv FREDERICK HOFFMANN. .New his imitators or improvers. Undoubtedly, 
York: E: 
teiger. Pp. 40. Price, 10 improvements will be made in tbe art of 
cents. 
short-hand writing, but what direction they 
THIS is a valuable and most useful com- 
will take is not determined by this tract. 
pilation of applied health-knowledge, such 
aR should be found in every fitmi]J. The 
first number was issued last year, and was 
so well appreciated that it is followed by 
another this year, and we hope the series 
will be continued. One of its most im- 
portant features is to expose the traffic in 
patent medicines, and, to show their fraud 
and worthlessness, the chemical composi- 
tion of many popular nostrums is given. 
'Ve fully agree with the following estimate 
- of this almanac, given by DI.. Elisha Har- 
ris: U Accept my thanks and very hearty 
congratulations for the admirable little 
manual which you have justly entitled' Pop- 
ular Hcalth .Almanac.' It certainly is the 
most acceptable and ,,'ell-arranged compila- 
tion for public instruction on sanitary mat- 
ters I ever saw; indeed, it is far more and 
better than a compilation, so happily has 
Dr. Hoffmann studied and crystallized the 
limits and substance of sanitary knowledge 
in the modest and beautiful little Health 
Mentor which, in all particulars, has been 
so wonderfully well designed and executed 
that thousands of families will sincer-:.jy 
thank its editor and publisher." 


THE FIRST FOXAKIGRAFIK TEACHER: A 
Guide to a Practical Acquaintance with 
the Literary Style of the Art of Phona- 
chygraphy. An Improved Substitute 
for Long-Hand Script, etc., etc. Am- 
herst, 1\1ass., U. S. Å.: John Brown 
Smith, Author amI Publisher. Pp. 24. 
Price, 25 cents. 
FOR such a humble little print as this 
the pretensions are very lofty, as it aims to 
make a revolution in the future modes of 
printing and writing. Following out the 
iùea that" to save time is to lengthen life," 
the author remarks: U The saving of time 
in acquiring an education would be almost 
one-half if fonakigrafi (?) was exclusively 
used for both print and script, thus doing 
away with the absurdity of baving half a 
dozen different alphabets for print and 
script as in use at present." Mr. Smith 
will, however, probably have to rack his 
brain again before he can invent a system 


MATTER AXÐ FORCE: A Course of LectUl'es 
on Physics. By J. K. )!AcmmER. 
Ames, Iowa: Agricultural Steam-print. 
Pp. 95. 


DURIKG the past few years Prof. )Iacom- 
bel' has delivered the contents of this book, 
as a series of nine lectures, to his classes 
in :Katural Philosophy. They are adapted 
to persons who have completed the element- 
ary study of physic!', and include the more 
recent views respecting matter and force. 
He trl.:ats, among other subjects, of" Poten- 
tial Energy," and the" Correlation of Vital 
and Physical Forces," and gives the modern 
speculations in regard to the "Sun as a 
Centre of Force," with its relation to the 
existence of the solar system. 


THE SURFACE-DRAINAGE OF THE METROPOL- 
ITAN DISTRICT. :By C. 'V. FOLSOM, C. E., 
of Cambdùge. Boston: Wright & Pot- 
ter, State Printers. 
MR. FOLSOM discussed this subject in the 
"Seventh Report of the Massachusetts State 
Board of Health," but its importance has 
warranted its separate publication. He 
does not attempt to treat surface-drainage 
exhaustively, but rather suggests its neces- 
sity, and the diseases to which its neglect 
gives rise, pointing out the particular dis- 
tricts in the neighborhood of Boston which 
are in greatest need of tl'eatment. 


THE ESSEKTIAL PIETY OF MODERN SCIEKCE. 
A Sermon. fly JOHS 'Yo CHADWICK, 

Iinister of the Second 'Gnitarian Soci- 
ety in Brooklyn. For sale by Charles 
P. Somerby, 139 Eighth Street, K Y. 
MR. CHADWICK read this sermon or ad- 
dress before the :Kational Conference of 
Unitarian and other Christian Churches, 
held at Saratoga in September. He shows 
a decided liking for modern scientific ten- 
dencies, and believes that there is that in 
scientific thought which directly fosters aU 
.those sentiments which are the life-blood of 
religion. 
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l:"'-ational Quarterl!! Re'l'ieln. New York, 
658 Broadway. Pp. 192. $35 a year. 
European Smvcys. By Major C. B. 
Comstock, of the Engineers. 'Washington: 
Government Printing-Office. Pp. 101. I Antarctic Itebergs. - Sir C. Wyville 
Transactions 
f the _\siatic Society of Tho
son, in a lecture reported in Nature 
Japan (1876). 1 okohama: Japan Jlaill for 1\ovcmber 30th and December 7th, pre- 
office. Pp. 178. I sents facts of interest obtained during the 
C I t . I D . E J \ 'T IJanna. cruisc of the Challenger, concerning tbe 
e ('s Ja ynaIDlCs. y. '\'. ... . 
Th th M 'IT I P antarctiC regIOns VIsIted. 
e au or, ount \" ern on, owa. p. 32. Tb d . . h . fi . 
P . 3 - t e expe itIOn met WIt ItS rst Ice five 
nee, a een s. 
day::!' sail south ward of the desolate, rocky 
National History of llJinois. Bulletin group known as the Heard Islands. In a 
K o. 1. '
it
l Platps. Bloomington; panto- I short time the ship was in the midst of 
graph Pl'lntmg-Honse. Pp. 76. bergs of exquisite beauty of both form and 
Survey of the N orthel'll and North. color. 
western Lakes. :Major C. n. Comstock in I The most southerly point reached was 
charge. \Yith Plates. Washington: Gov- latitude 66 0 40' south, longitudc 78 0 22' 
ernment Printing-Office. Pp. 84. I east, when they wel'c exact
y 1,400 miles 
C 1 f C' th C II P from the south pole. The Iceber
s, some 
ata oO'ue 0 
war more 0 eere enn. .. . 
1 . ð p 55 0 , I of them of Immense SIze, "erc tabular III 
sy vallla. p. . fi . 
orm, " the surface bemg level, and parallel 
Effects of .\lcoholic Poison. By J. H. , with the surface of the sea. . . a diff, on 
Kellogg, 
L D. Battle Creek, Michigan: ' I an average 200 feet high, bounding the 
HealtlL Reformer print. Pp. 125. berg. The cliffs were marked with deli- 
The ..;.lfatlwmatician. Royal Cooper, edi- cately pale blue lines a foot apart near the 
tor. Vol. I., Xo. 1. Pp. 16. "\,,"ashington: 
op, clos.er togethcr near the. bottom; the 
.LYàtional Republican print. 81.50 a year. mtervenmg bands 'were whIte, probably 
. . T from containing some air. . . . The str.1ti- 
GIant Birds of J\ew Zealand. By J. C. fications of the berges being originally hori- 
llussell. }'rom .American Naturalist. PP. , zontal, they were believed to be blocks 
11. riven from the edge of the great antarctic 
Biographical Notice of A. R. )[arvine. ' ice-sheet." 
By J. "\V. Powell. From the Bulletin of A furthcr conclusion was that the strati- 
the "\V m;hington Philosophical Society. fication was due to successive aceumula- 
Pp. 8. tions of snow upon a twarly level i:Õurface. 
American Annals of the Deaf and There was no evidence that the ice had 
Dumb. E. A. Fay, editor. Y 01. XXII., Úassed over uneven surfaces, nor was there 
No. 1. Pp. 64-. ,,
 ashington : Gibson upon the bergs any trace of dt:bl.is, such as 
Brothers print. might fall from elevated cliffs. The snow 
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npon the surfacc Qf the bergs was of daz- 
zling whiteness, but, in places, faint discol- 
ol'ations, due not to carthy matter, but to 
the presence of hirds, were observed. Prof. 
Thomson concludes that the ice fl'om which 
the bergs were broken was found upon low, 
level land that \\ as surrounded by shallow 
water. 
.Although no d
br'is were seen upon the 
bergs, it is quite cel'tain that lal'ge quantities 
of them WCl'e held in their undCl' portions, 
whence they dropped into the sea, as such 
deposits were continual1y brought up by 
the dredge. 
Prof. Thomson suggests that the in- 
crease of gladers in thickness may be lim- 
- ited by melting at their under surfat'e from 
pressure of the mass. A column of ice, 
1,400 feet high, he estimates to lie upon the 
ground with a pressure of nearly a quarter 
of a ton to each square inch of I'urface, nor 
does he find reason to doubt that the tem- 
pcratme of the earth's surface beneath the 
glacier is about 32 0 . lIe cites the fact that 
from beneath glaciers in Greenland muddy 
streams are continually discharged. It is 
possible, thereforc, that the antarctic gla- 
ciers, covering vast level tracts, are pl'e- 
vented from accumulating to a thickness 
mueh C4cecding 1,400 feet, by \\ aste in the 
bottom portions, where constant melting 
and regelation are going on. 
On the chart of the American explorer, 
Lieutenant \Vilkes, a position is given for 
what he called Tel'mination Land. On close- 
ly approaching the spot, no land was found, 
and Prof. Thomson was "forced to the con- 
clusion that Lieutenant 'Wilkes was in error." 
The interesting fact was revealed by 
soundings that a layer of water 300 fathoms 
below the surface was warmer by several 
degrees than water at the surface, and it 
was ascertained that the heat increased 
north,vard. Hence it was concluded that 
the source of the warm watel' was north- 
ward, and that it may have been deflected 
by the southward projection of continental 
lands, turning southward currents which 
have their origin in the" great drift-cur- 
rent which sweeps round the globe." 


Animals and Steam.ElIgin('s.-
\. writer 
in IJingle1.'s Pol!rlecltniscltcs Journal, in not- 
ing the behavior of different animals tow- 


al'd the steam - engine, remarks upon the 
dexterity with which dogs run about among 
the wheels of a departing railway-train with- 
out suffering the least injury, whereas a 
host of railway workmen annually lose their 
lives. On the other hand, the ox, a pro- 
verbially stupid animal, continues standing 
composedly on the rails, having no idea of 
the danger which threatens him, and is run 
over.' Many kinds of birds seem to have a 
peculiar delight in the steam-engine. It 
has often happcned that larks have built 
their nests and reared their young under 
the switches of a much - traveled railway. 
In engine-houses the swallow is a frequent 
guest. In a certain min, where a noisy, 
three hundred horse-power enginc works 
night and day, two paÏI s of swallows have 
built their nests for years, and rear their 
young there regularly. A case of almost 
incredible trustfulne:3s on the part of swal- 
lows occurred in the early part oflast year, 
when a pail' of these birds built in the pad- 
dle-box of a steamer, and regularly made 
the journeys fl'om resth to Semi in. The 
author concludes with this caustic remark: 
" I have never yet found any animal at home 
in the boiler-house. Even the dog steers 
clear.of boilers. It is almost as if the Iow- 
el' animals knew \\ hat an amount of stu- 
pidity and fully appears in our construrtion 
of boilers." 


Prof. Dana on Crl)lulliziltioll.-The fifth 
of Prof. Dana's interesting papers on " Ceph- 
alization" is publi:-:hed in the .Ame1.ican 
Journal of Science and .Arts for October. 
The author's thesis here is that cephalization 
is a fundamental principle in the develop- 
ment of the system of animal life. As the 
animal grade rises, thel'e is a compacting of 
structure in both the fore and hinder parts 
of the body. Of mammals the lowest forms 
are those having their locomotive functions 
in the posterior parts of the body, "While in 
the higher forms the forces or force-organs 
are more and more forward in the structure. 
There are large size and strength behind in 
low forms, but a compacting of these and a 
bettcr bead in the higher. 
The head becomes more and more the 
centre of nervous enel'
Y or force as devel- 
opment goes on, and this is to be seen in 
the specific forms of Nature. U Here form," 
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says the author, II is with sOlTle limitations I been derivation of 
pecies from s.p ecies , 
an e'tpression of force." we may believe that all actual struggles and 
Cephalization is :;hown both in embryon- rivalries among animals leading to 
 sur- 
ic development and in the progl'e::;8 of life vival of the fittest' mu
t tend, as in man, 
in geological history. The law is fur- to progre
::; in cephalization and dependent 
ther illustrated by the discoveries of Prof. structural changes." 
Marsh, from which it appears that the 
brains of the great mammals of the eady 011 tbe Origin of Pralri{'s.-Raving 
Tertiary were very much smaner than those shown, in an al,ticJe which we noticed in the 
of allied 
pecies of recent time. Thus the December number of the ){OXTHLY, the 
brain of the dinocel'as, of the Eocene, "as untenableness of the current hypotheses 
110t more than one-eighth the size of that with regard to the origin of prairies, J)rof. 
of the modem rhinocel'os, showing an im- J. D. Whitney IIOW presents, in the .Amcr- 
mense development of the brain, while the ican J..Vatll1"alist, a theory of his o\\n. TIe 
bulk of the animals has decreased. "r e finds, as the result of a great number of 
have also a development of those fcatures obRervations made over all the prairie 
tates, 
of both form and capacity which are char- that almost without e
ception absence of 
acteristic of brain-power. forests is COllnected with extreme fineness 
The increase of the brain and nervous of soil, and that this fine material usually 
system may a1'Ïse, the author suggests, Í1'om occurs in heavy deposits. II So person," 
the faet that this part of the stmcture comes he remarks, "can have tmveled through 
in contact with outside and inside X ature, Southern 'Yi:,consin, I11inois, Iowa, or )1is- 
and is the menns by which the animal has souri, without having had everywhel'e ocea- 
communication with the outer and inner sion to observe that the prairie-soil is ex- 
wodtJ, and with its own inner workings and ceedingly fine and deep; there are \\ hole 
appetites. Thi
 constant and energetic use counties in Iowa in which not a single peh. 
of the brain may have given to it its won- ble can Le found." The distribution of the 
derful growth and strength since Eocene timbered and prairie tracts in 'Yisconsin 
times. affords a good test of the correctness of the 
But brain-progress could not have tak. auth01"s hypothesis. In the northern part 
en plaee \\ ithout structural progre"s, and of the State is a region of dense forest, 
stl'uctuml changes ha\-e been determined though this is not a region of large precipi- 
by it. Bmin-force reacts upon and lllodi- tation. It is, however, heavily cO\-el'ed 
fies both form and structUl'e. with coarse dett'ital materials, plentifully 
It is not claimed by the authol' that the di:-:tributed from the headquarters of the 
theory of cephalization accounts for all the ùrift on Lake Superior. The rocks under- 
types of structure found in the animal l)'ing the drift-depo!'its are crystalline, be- 
world, but only that whatever these t) pes longing to the Azoic series, and the surface 
may have been in course of development I is ,.ough and broken, heing intersected with 
they were in general subordination to the low ritJges and knobs of granite and trap. 
principle of cephalization. "The odgin of I South of this is a lal'ge area, occupying the 
the grander types of structure," writes I centml portion of the State, and extending 
J>l'of. Dana, "lllllst be connected with the as far as the 'Yisconsin Rh.er, almost ex- 
profoundeRt of moleeular laws; and how elusively occupicd by a very pure siliceous 
connected man may never know. These sand:,tone, which is wrapped about the 
view
 may hold, whatever be the true meth- 
\.zoic region, extending in a northeasterly 
od of evolution. The method by repeated direction to the 'fenomonee River, allù 
cl'eations should be subordinal cd, as much northwest to the faUs of the St. Croix. 
as any other, to molecular law and all laws This great sandstone-covered area is the 
of growth; for molecular law is the pro- pine-district of the State, while 80uth of 
found cst expression of the Divine will. the Wisconsin is the region of oak-open- 
But the present state of science favors the . ings and prairies. 'nlCn we reaeh t
lese 
view of progress through the derivation of treeles,.. tracts we have got enti1'ely beyond 
species from specic!', with few occasions the drift-eovered area, and :11'e upon a soil 
for Divine intervention. If, then, there has made up of the insoluble residuum left from 



634 


THE POPULAR SCIENCE J.}IO.J..VTHLJ T . 


the disintegration of several feet in thick- . foot by workers from the hill seeking food. 
ne:;s of limestone and dolomite, which have The replete rears upon her hind-legs, and 
ùeen dissolved out and carried away by tbe places her mouth to the mouth of the hun- 
rain. gry worker, or " pensionel'/' as the author 
call
 him, who assumes the same posture. 
Albertite.-This substance, now largely Often two, sometimes three pensioners are 
consumed as an emicher of illuminating thus fed at once by one 'replete. The latter 
gas, is thus described in a recent number commonly yields the honey-dew complacent- 
of the Iron Age: ly, but sometimes she is seized and arrested 
" A very curious mineral known as albertite by the pensioner, occasionally" ith great 
is found in New Brunswick. It occurs in con- vigor. The author described a number of 
nection with calcareo-bituminous shales, and experiments leading to the conclusion tLat 
has been by !'Iome regarded as true coal, by oth- there was complete amity between the ants 
ers as a variety of jet, and by olhers again as 
more nearly related to asphaltum. The true na- of a district embracing some 1,600 hills 
ture of the mineral was made the ba
is of a law:' and countless mi1lions of creatures. Insects 
suit in Scotland a few years ago, in which the from hills widely separated always ii.ater- 
amount involved was f'ometbing more than a 
nized completely when transferred. It was 
million pounds ßterlil'!!!, as the deci8ion 8ettJed 
the question of the liability to pay a royalty. It found: ho" ever, that ants immersed in water, 
resembles al:\pbaltum very c1Of3ely, being very when replaced upon the hil1
, are invariably 
black, brittle, and lUl:\trou
, and, like af\phaltum, attacked as enemies; the assailants being 
iiì dcstitute of structure, but differs from it in. d I cl . 
r " b ' l ' t d " . t I t ". Immerse were t lelllS ves m turn assaulted. 
USI I I Y an m I 1:\ rc a wn to varIOUS solvents. . .. 
It differs from true coal in being of one quality I Expernnents mdlcate that the bath tempo- 
throughout, in containing no traces of vegeta- rarily destroys the peculiar odor or other 
bl
 tissues, Ilnd in its mode of occurrence as a propel'ty by which the inspcts reco'-'nize 
vem and not as a bed. ?-,hc vein occupies an ir- their fellows. t 
regular and nearly verhcal fi881Ire, and varies 
from one inch to 17 fpet in tbickness. It has I 
been mi
ed to the depth of 1,162 fee
 The ac- How lUeteoritrs were frgarded In {Jfden 
companymg shales are abnndantly _Bed with T" Th - t. th f: II f 
the remains of fo",si1 fiRhes, and it is not im- IOU'S.- ere" as a no e" or y a 0 me- 
probable that from these, in part at least, the teorites in nel'k
hire, England, in the year 
mineral was derived, existing at first in a finid 1628, and devout persons with one accord 
or semi-tlnid state. Yegetable remains are al- seem to have looked on the phenomenon as 
most entirely. wanting. in the shales. During a special act of Divine Providence. The 
twelve years !'IlllCe the discovery there have been I ." , . . 
!'Ihipped 154,800 tons of albertite, chiefly to the meteorItes are the arrows of God s mdlg- 
United States, where it haR been used for the nation," and he is entreated" to shoote them 
manufacture of oil, and for the admixture with some other way, upon the bosomes of those 
bituminous coal in the manufactnre of iHnminat- that would confound his Gospel1." Ono 
ing gas. It is admirably adapted for either of . 
these purposes, yielding" 100 gallons of crude oil, )hstress Green had the courage to order 
or 14,500 cnbic feet of gas of euperior illnmillat- one of these heaven-sent" thunder-stones" 
ing power per ton." to be dug out of the ground, and a chroni- 
cler of the time gives a description of it. 
The chronicler himself had little sympathy 
with the curiosity of 1tlrs. Grep.n, for he 
warns his readers against being" so daring 
as to pry into the closet of God's determina- 
tions. His workes are full of wonders, and 
not to be examined." A letter written by an 
eye-witness of this fall of meteorites well 
illustrates the devout credulity of the time. 
It opens with the fol1owing passage: h The 
cause of my writing to you at this time is 
by reagon of an accident that the Lord sent 
among us. I ha"\"e heard of the Lord by 
the hearing of the ear, as the prophet speak- 
eth, but now mine eyes hath seen him. You 


Singular Frrding Habits of Wood-tnts. 
-Mr. :McCook, of the Academy of Kat- 
ural Sciences of Philadelphia, has pub- 
lished in the" Proceedings" of that body 
::.ome highly-interesting observations on the 
habits of Formica '1"l
fa, from which it ap- 
pears tbat these ants have in their separate 
communities regula l' provision made where- 
by the workers are fed without having to quit 
the scene of their labors. The foragers of 
a community, as they come down the tree- 
pat.hs, their abdomens swollen with honey- 
dew-in which condition they are called by 
the author 1Y'pletes-are arrested near the 
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Iufluenre of rolor of Scil on Potators.- 
Having observed that potatoes grown in 
Education in the Publir Srilools of l1Iï1s- dark-colored soil are less subject to disease 
SadlU8cUs.-lIr. "r endell Phillips recent- than those gro\, n in soil of lighter color, 
ly delivered an address on the subject of )Ir. J. B. Hannay, member ofthe Edinburgh 
education, in which occurred the follow- Royal Society, conjectured that the dif- 
ing remarks upon the value of the intd- ference must be due to the greater absorp- 
lectual training a girl receives in the pub- tion of heat by the darker soil. He ac- 
lic schools of .Ma!'sachusetts: " The public cor
ingly made the foll
\V
ng exper
ment: 
schools teach her arithmetic, philosophy, A ple
e of gro

d, co.nslstmg of a kmd of 
trigonometry, geometry, music, botany, and bl
e till, was dl:lded mto t
o parts, .both 
history, and all that class of knowledge. I bemg planted wIth potatoes 111 the ordmary 
Seven out of tcn of them remember are to I way. One of the parts was then co\"ered 
earn their bread by the labor of theiI
 hands. '
ith soot, which had been c
reful.ly 
\"ashed 
'VeU, at fifteen, we give that child back to tIll 110 soluble matter l'emamed 111 ]t ; the 
her parents utterly unfitted for any kind of other part was left as pl,lllted. The pota- 
work that is worth a morsel of bread. If toes in the 
oot-covered portion sprouted 
the pnpil could only rearl the ordinary news- first, and throughout were much healthier 
papel' to three auditors it would be some- than the others. The temperature of both 
thinO' but this the scholar 80 educated, so portions was from time to time noted on 
prodo
ced, cannot do. I repeat it: four- sunny days with the followin g result: 
fifths of the girls you present to sOf'iety at 
fifteen cannot read a page inteUigibly." Dut 
the current system of school-education is 
faulty and defective no less with regard to 
boys than. with regard to gids, for, as 
Ir. 
Phillips further obf'erves, "we produce only 
tbe superficial result of the cultme we strive 
for. Now, I claim that this kind of educa- 
tion injures the boy or girl in at least three 
ways: first, they are ablc, only by for
et- 
ting wbat they have learned and beginning 
again, to earn their day's bread; in the age..1 61.96 
second pJace, it is earned reluctantly; third, 
there is no ambition for perfection aroused. 
It seems to be a fact, which many of the 
public educators of to-day overlook, that 
seven-tenths of the people born into this 
world earn their living on matter and not 
on mind. 1:\ ow, friends, I protest a
ain8t 
this whole system of common schools in 
:Massarhusett3. It lacks the first clement 


will marvel that I write thus, for no man 
.. hath seen God at any time, ) et in his works 
we see him daily, but 7JOW after a more Rpe- 
cial manner." Then, after giving a clear 
account of the whole occurrence, the writer 
concludes with an exhortation to unbeliev- 
ers: "Now let the atheist stand amazed at 
this work of the Lord." In certain districts 
of Berkshire there is stil1 a tradition of the 
fall of these meteorites, and old people 
speak of it as such an event as to have 
created a belicf at the time that" the world 
was coming to an end." 
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of preparation for life. ". e take the young 
girl or the young boy whose parents are 
ahle to lift them into an intellectual profes- 
sion; "e keep them until they are eighteen 
years old in the high schools; "e teach them 
the sciences; they go to the academy or the 
college to pursue some course of prepal'a- 
tion for their presumed course through life. 
"'hy not keep them a little longer and give 
them other than illtellectual training for the 
business of life? " 


EARTII COVERED I 
WITli SOOT. 
.------- 
Depth, 2 In. I Depth, 8 In. Depth, 2 In, Depth, 8 In. 


PGRE EARTII. 


5:>.4 5:! 6 5.'3.0 
56.9 5:).0 55.2 
(;7 2 6:3.9 6!1.1 
64:5 6.1.2 6:3.8 
61.7 5.....í :'is''' 
6
,O 60.6 61.4 
I 
;:l 
g:
 
t
 I 
63.2 6.'3. 
 f,:
.9 
61.4 611.0 
Aver------- 
60.19 I 


F.2,l 
ð.,).4 
60.13 
(í2 .4 
r....O 

!I,2 
56.3 
/ì1.8 
6:!.0 
60.0 


58.Ïi 


59.ð3 


From this table it elearly appears that 
the potatoes gro\\ n in dark soil have n 
warmer climate, 80 to speak, than those in 
a light one. The tubers with no soot" ere 
weak, and had a great lIeal of disea
c amon
 
them, while the other lot were neady all 
healthy. 
Chemical examination showed the prin- 
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cipal inorganic constituent!'! to be present 
in both in about the same proportions. 
There was a marked difference, however, 
between the two in the development of the 
starch - gl.anu]cs. III the potatoes grown 
under soot there was 22.5 per cent. of 
starch, but in the others only 17.5 per cent. 
-[I, difference of õ per cent. Then, as for 
the size of the stal'ch-granu]es in the good 
potatoes, the average was 0.17;) millimetre j 
but in the di::;eased tubers it was only 0.155 
millimetre. Thus it is seen that not only 
were the gl.anu]es smal]el., but their number 
was less. The inference is, that increase 
of temperature gives a great impetus to 
the growth of starch-granules both in size 
and number. 


ments through all arc of 180 0 , could thua 
readily tum to look through the body, 
above the left eye, and see", hat" as pas:;- 
ing on the left :5ide, the right eye being, of 
course, useless on its own side as long as 
the fish lay on its side. This slight upward 
tendency of the right eye was continued in 
connection with a motion of translation 
toward the anterior part of the head till the 
eye, when seen through the body from the 
left side, was entirely clear of the lcft eye, 
and was thus placed somewhat in advance 
and above it, but still entirely in the rear 
of the base of the dorsal fin, extending to 
the end of the snout. 
U What was my astonishment on the 
following day," continues Prof. .Agassiz, 
a on tuming over the young flol1nùel. on its 
Asymmetrf of the Eft's in flønn
Cls.- left side, to find that the rip:ht eye had 
The American Nalumlist for December con. actually sunk into the tissues of the head, 
tains a singularly interesting paper by Prof. penetrating into the space between the base 
A]exander .\gas
iz on flounders, in which the of the dorsa] fin and the fl'ontal bone to 
author recounts his O , bscrvations upon the I such a
 extent that the tissues adjoining 
manner in which the eyes, in that family of the orbIt ha.d slowly closed ov.er 
 part of 
fishes, become placed on one side of the the eye, leavmg on]ya small elhptlCal open- 
body. In five 
pecies of flounùers he found ing s.maller than the pupil, through which 
that the eye on the blind side travels from the rIght eye could look when the fish was 
its original place (symmetrical with the eye I s\\ imming vertically! .On the foll?willg day 
of the opposite side) frontward and upwal'd the eye had pushed Its way :,tJll farther 
on the blind side, resorbing the tissues in through, so that a small openmg now ap- 
its wav and new ti
sueg forminO' behind. peared opposite a on the left side, through 
This m.o'vement of translation is followed by which .t
e right e!e could no'
 see d.irectly, 
a certain amount of t0rsion of the whole the orlgmalopenmg on the rIght slùe be- 
f . t ] t f th h 1 I ' ] l ing almost entirely closed. Soon after, this 
1'On a par 0 e eae, W HC 1, IOwever, . . 
I fìt th f tl bl . d new opemng on the left Illerea
ed graùually 
commences on yael' e eve 0 Ie III 
. d h I I 1 tl . 1 f in size, the right eye pushing its way more 
81 c as near y reac IN Ie upper ee ge 0 . 
th t . d . t d . t . 1 f . t and more to the surface, and finally lookmg 
a SI e, qUI e a 1-- ance m ae vance 0 1 S ..' 
.. I . t ' r< l' , ., b outward on the left sIde wIth as much free- 
ongma pOSl Ion. ....0 lar, .f1.
aSSlZ s 0 ser\"a. . . . 
t . . 1 . " tl tl . d dom as the eye orIgmally on the left, the 
IOns concur, III tIe mam, WI 1 Ie receIve 
openinO' of the rifTht side havinO' penna- 
theory. Fmther research, howevlJr, showed t' b 0 
. .. nently closed." 
that the procc,;s of translatIOn of the eye IS I 
not the same in all species of flounders. 
fLu-ing captured specimens about one inch 
in length, symmetrical and perfectly trans- 
parent, of the species Bascania, the author 
noticed after a few da)'s that" one eye, the 
right, moved its place somewhat toward the 
upper part of the body" so that when the 
yonng fish was laid on it
 side the upper 
half of the right eye could be plainly seen, 
through the perfectly transparent body, to 
project above the left eye. The right eye (as 
is the ca
e with the eyes of all flounders), be- 
ing capable of very extensi"\"e vel,tical mo\"e- 


Ð('struí'ÍÎoll of Rlrds in the l"nited States. 
-In the course of an article in the Penn 
J.1Ionthl.'l on the decrease of bit'ds in the 
'Luited States, Mr. J. A. Allen says of the 
heron that, though nearJy u!'!eless as food, 
it has been enormously diminished in num- 
bers, mostly through natural causes, but in 
part by the wanton act of man. "Many," 
he writes, "have of late been destroyed for 
their feathers in Florida especially j the 
havoc made with these poor defenseless 
birds is a subject of painful contemplation 
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and a di
grace to the age. The poor birds 
are attacked at their breeding-grounds, am] 
hundreds are slain in a few hours by single 
parties, whose only use of them is to secure 
the beautiîul plumes with which S atme bas 
unfortunately adorned them. In this way 
colony after colony is broken up, the great. 
er part of the birds being actually killed 
on the spot, often leaving nestlings to suffer 
a lingering death by starvation. The few 
old bird:i that survive usually aballrlon the 
locality where for generations their profreni- 
tors had lived and reared their young ulllIis- 
turbed, only to be attacked at some new 
point the following year. The habit most 
of the species of herons have of breeding 
together in communities renders their de- 
struction during nesting-time an easy mat- 
ter, their strong parental affection leading 
them to be neglectful of their own safety 
when their young are in danger. Di
grace- 
ful and inhuman as the act may seem, many 
a heronry of the qua-bird, 01' night-heron, 
is annually destroyed in mere wantonness, 
in OI'der that the perpetrator may boast of 
the ' cal't-load' of birds he shot in a single 
day ! " 


The Plasticity of Ice. - Experiments 
made in 1871 by Prof. Bianconi, of Do- 
logna
 showed that slow changes of form 
in ice may be produced without any Cl'ush- 
in; or re
elation, and that ice is, to a cer- 
tain extent, plast.ic. lIe has lately pub- 
lished the results of further experiments on 
this subject, a brief notice of which is giv- 
en in .Kature as foHows: "Granite pebbles 
and iron plates are slowly pres
ed into ice 
at the same temperatures, and not only do 
they penetrate into it as they would pene. 
trate into a fluid or semi-fluid, hut also the 
particles of ice are laterally repulsed from 
beneath the intruding body, and form around 
it a ri:::ing fringe. Moreover, when a flat 
piece of iron is pressed in to the ice, the 
fl"inge rbing around it expands lateralIy 
upon the border
 of the piece, and tends 
thus, as in fluids, to fill up the cavity made 
by tbe body driven in. These experiments 
tend greatIy to ilh15trate the plasticity of 
ice, but it would be very desirable that some 
measurements should be given, so as to ob- 
t.lÌn numerical values of the plasticity of 
jce under various cÌrcumstancf's." 
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Perils of .'refic J:xp)oration.-Lieutenant 
Payer, one of the commanders of the Au=,- 
trian Polar Expedition of 1872-'74, in his 
published narrative gives a graphic account 
of the pedlous situation in which tbe expe- 
dition found itself on Sunday, October 13, 
1872. "In the morning of that day," he 
"rites, "as \\ e sat at breakfast, OIll' floe 
burst aCrOSS immediately under the ship. 
Rushing on deck, we discovered that we 
wel'e sUlTounded and squeezed by the ice; 
the after-part of the ship was ah'eady nipped 
and pressed, and the rudder, wbich was the 
first to encounter its a::i::ault, shook and 
groaned; but, as its great weight did not 
admit of its being shipped, we were content 
to lash it firmly. "
e next sprang on the 
ice, the tossing, tremulous motion of which 
litcralIy filled the air with noises as of 
shrieks and howls, and we quietly got on 
board all the materials which were lying on 
the floe, and bound the fis:5ures of the ice 
hastily together by ice-anchors an,I cables, 
filling them up with snow, in the hope that 
frost \\ ould complete ou'r work, though we 
felt that a single heave might snatter our 
labors.. . . 
Iount ains tl1reatenmgly reared 
themselves from out the level fields of ice, 
and the low groan which issued from its 
depths grew into a deep, rumbling sound, 
and at last rose into a furious ho\\ I as of 
myriads of voices. Xoise and confusion 
reigned supreme, and step by step destruc- 
tion drew nigh in the crashing together of 
the fields of ice. Our floe was now cru;o;hed, 
and its blocks, piled up into mountains, 
drove hither and thither. Here they tow- 
ered fathoms high above the ship; there 
masses of ice fell down as into an abyss 
under the ship, to be ingulfed in the rush- 
ing water
, so that the quantity of ice be- 
neath the ship was continualIy incrca:;ed, 
and at last it began to rai=,e her quite above 
the level of the sea." 


Th(' fonl and Iron R('
onr('e
 or .1),\- 
bama.-The coal and iron resources of Ala- 
bama were the suhject of a recent intere5t- 
iug communication b
. Mr. William Gesner 
to the Academy of X atnral Sciences of 
Philadelphia. According to the author, the 
coal-measures of the "Yarrior :md Cahawba 
coal-fields con:,h:t severaHy of 17
 and 1 'j;J 
strata. The coal-seams, which mnge from 
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one inch to six feet six inches in thickness, 
number 46 in the \Varrior and 51 in the 
Cahawba field. Two beds of black-band ore 
characterize the \r ardor measures, one of 
them showing 43 pel. cent. of metallic iron; 
clay iron-stone is abundant, and is found in 
all the 
\.labama coal-fields. In one instance 
it forms the roof of a 28-inch bed of coal 
in the \Varrior measures. Immediately un- 
der the mountain limestone of the car- 
boniferous formation in the Upper Silurian, 
a bed of fossiliferous hematite occurs. [t 
extends in a northern direction over 120 
miles into Tennessee. In Jefferson County, 
Alabama, its thickness is 28 feet. About 
two or three miles east and west of this ore- 
bed lie the coal-fields. For its entire ex- 
tent throughout the State, and immediately 
under it, are the limestones of the Silurian 
formation, among which are many of the 
purest and those best adapted for fluxing 
iron from its ores. Geologically, in de- 
scending order, next come the immense beds 
of brown orc, compdsing manganiferous 
and fibrous limonite and mamillary and crJs- 
tallized hematite, from wl1ich hitherto nearly 
all of the iron of Alabama has been pro- 
duced. 


The PbfSltal Pro})erties of Gallium.- 
The physical properties of 
allium, as as- 
certained by its discoverer, Lecoq de Bois- 
baudran, who has prepared a decigramme 
of nearly pure metal, are summed up as fol- 
lows in the Ame}.ican J01tJ>lwl of Scil'lIce: 
Its fusing, point is about 29.5 Cent., so that 
the heat of the hand liquefies it. When 
liquiù, it exhibits the phenomena of sur- 
fusion to a remarkable degree. It has re- 
mained liquid for more than a month, the 
globule being frequently broken and re- 
united by a steel blade in a room the 
temperature of which often fell below the 
freezing-point. Contact with a bit of solid 
gallium, however, solidified it at once. Li- 
quid gallium is very mobile, appears cov- 
ered with a peI1iele when exposed to the 
air, and adheres strongly to glass. Only a 
few degrees below its fusing-point the metal 
is hard and remarkably tenacious; but, like 
aluminum, it may be cut with a knife. It 
crystallizes with facility, crystal facets be- 
ingdeveloped by treatment with hyùrochloric 
acid. It does not oxidize at a red heat except 
upon the surface, and does not volatilize. 


Its spark-spf'ctrum gi ves the two well-kno" n 
bright Jines of wave-length 417 and 403.1 ; 
its fiame-spectrum only the 417 line, and 
this difficultly. Its density approximately 
is 4.7, tlms placing it, like its other physical 
properties, between aluminum and indium. 
Its atomic weight places it there probably 
also. 


Deatl1 of Karl Ernst ,"on ßaer.-The 
eminent Russian zoölogist, Karl Ernst von 
Baer, died at Dorpat, :K ovember 28th, in 
the eighty-fifth year of l,is age. He was 
born at Piep, in Esthonia, in 17!12; at the 
age of eighteen he entered the Lniversity 
of Dorpat, graduating four years later as 
doctor of medicine. He 1hen Wlllt to Ger- 
many, and, at Würzburg, became a pupil of 
'Döllinger, the ('minent profesfor of physi- 
ology and anatomy. Tbis was the turning- 
point in Von Baer's career, and determined 
the cour
e of bis futurc studies. In 1817 
he became prosector at Königsberg, and, 
four years later, professor of zoölogy. In 
1830 he returned home, having heen elected 
a member of the St. Petersburg Imperial 
Academy. He conducted a scientific ex- 
ploratiûn of the northern shores of Russia 
in 1837. Of his most ccJebrated work, 
"Tbe Development History cf Animals," 
the first volume appeared in 1828 and tbe 
second ten years later. He was alf'o the 
author of numerous treatises on the zoölogy 
and botany of Russia. His latest work was 
an adverse CI itici
m on the Darwinian the- 
ory. 


THE death of .Alexander nain, which 
took place at Glasgow, January 2d, was 
cabled to this country, and at once in- 
terpreted as applying to the eminent Pro- 
fes
or of Logic in Aberdeen Luiversity, 
who bears that name, and WI10 is much 
more widcJy 
noW'n herc than Alexan- 
der Bain, the electrician, to "horn the 
dispatch referred. He was an inventor, 
and made various important improvements 
in telegraphy. He invented, or reill'Vented, 
the method of making use of "bodies of 
natural waters to complete the electric cir- 
cuit by laying a single insulated wire be- 
tween the given stations, having at each end 
a metallic brush immersed in the water." 
This principle was promulgated in a patent 
of 1841. In 1846 he patented the electro- 



chemical telegraph, and soon founù his sys- 
tem capable of great speed; he was thus 
led to the invention of automatié methods 
of transmitting signals, of which one is the 
basis of the most important process now 
used. lIe invented electrical clocks, and 
in 1843 constructed tbe earth-battery. In 
1844 he patenteù ingenious apparatus for 
registering the progt.ess of ships, and he 
also devised electrical methods of playing 
keyed instruments at a distance. lIe was 
stI.uck down with paralYBis some years 
ago, and died, at the age of sixty-six, in a 
.. Home for Incurables." A Government 
pension of eighty pounds a year was all 
that saveù him from pauperism. 


N DIES. .. 


}IR. SETH GREEN, of Rochester, Fish- 
eries Commissioner, announces that he i
 
ready to supply brook and salmon trout to 
persoDs who desire the same for the pur- 
pose of restoeking the W'ltcrs of the f;tate 
of New York. Applicants must remit to 
Mr. Green money to pay the traveling ex- 
penses of a mes:;enget', and full directions as 
to the route to oe tal{en. 


BE
JAMIX R. TUCKER, of New Bedford, 
)[as:,:achusetts, proposes to h:sue, early in 
the present year, the first number of a 
quarterly periodical, to be known as the 
Radical Review, and modeled after the 
F01.tnightly and the Contemporar.'l Review 
of London. The list of eontributor
 in- 
cludes the names of many of the foremost 
American radicals. The subscription price 
will be 85 per annum. 
Ix an address LefOl.e the Illinois lV 001- 
Growers' .\:;:sociation, Jlr. George Lawrence, 

T r., of 'ViscomI in, as
erted that merino 
sheep, taken from Vet'mont to ""isconsin, 
show a marked improvement in many re- 
spects when bred in the latter State. They 
have a larger carcass, are heavier boned, 
quality and quantity of fleece are equal if not 
superior, and they are more hardy, than 
their Vermont ancestors. 
TUE Bulgarian Turk of the lower class 
beJien
s that a railway-en
ine is driven, 
not by steam-power, but hy a devil. 
\ 
youn
 devil is trapped in England, shut up 
in the" fire-box on wheels," and bribed to 
W"ol'k the crank by the occasional gift of a 
little cold \\'ater to mitigate his torture. 
)L DROryS DE LHUYS, President of the 
Freneh 
\gri('ultural f=ociety, has issued a 
circular to similar bodies in foreign coun- 
trics, announcing that the sodety intec.ds to 
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organize an International Agricultural Con- 
gress to assemble at Paris during the Expo- 

ition of 187t:i. 
THE award of the London Royal Soci- 
ety's medals for 1876 was a::; follows: To 
Claude Bernard, the Copley Medal for phys- 
iological researches; a Royal Medal to Wil- 
liam Froude, for researches on the behavior 
of ships; HopI 
{edal to 
ir C. 'V yville 
Thomson, for services on hoard the Chal- 
lenger; Rumford Medal to P. .T. C. Janssen, 
for researches in the radiation and absorp- 
tion of light. 
PROF. OSBORSE REYNOLDS, in reply to 
some newspapers \vhich have pronounced 
the British Arctic Expedition a failure, 
calls attention to the fact that, since Hud- 
son's time, arctic navigators had penetrated 
60 or 70 miles of the 540 to be pas
ed OD 
the route to the pole. But Captain .Nares 
has in one year carried the British flag 6U 
miles nearer, so that" nearly one-half, and 
this by far the most difficult half, of the en- 
tire results of all expeditions since Hud- 
son'.s time, has bech accomplished by the 
last." :Further, Captain (now Sir George) 
Nares seems to have pursued his jou1'lley 
to its end, at least by that route; and in 
coming back can sa) that he did not leave 
a single \1Dcertainty behind him. 
A 'VERY valuable mine of silver has re. 
cmt1y been discovered at Harbor Island, 
K cwf<jundland, near the public \\ harf. 
. AN act of the Parliament of the Do- 
minion of Camda grants an additional 
quarter-section of land, on payment of a 
trifling fee, to every seWer on Dominion 
lands who plants with trees thirty-two 
acres in succes:3ive annual installments. 
DR. A. E. FOOTE has e
tahlished at 
3725 Lancaster Avenue, Philadelphia, an 
agency for the sale and exchange of nat- 
ural-history specimens, including minerals, 
botanical and zoölogical forms, fossils, pre- 
historic relics, etc. He issues a monthly 
bulletin containing the needed particulars, 
and which may be obtained on application. 
AN eminent !'cientific profes
or, inter- 
ested in the state of science.education in 
our colleges, has been looking into the 
subjects of their use of text-books. II e 
collected catalogues from lR7 colleges, and 
gleaned from them the following st:Üi
tics 
regarding the physical and chemical text- 
books employed. For ph
.sk
, the text- 
hooks ran thus: Olmsted in 48 colleges, 
Ganot in 83, 
iIliman in 16, 
tede in 15, 
De
chanel in 12, Rolfe and GilIctte in 11, 
"r ells in 8, X orton in 8; the others scat- 
terin
. The preferences for chemb:try run 
as follows: Youmans in 87 colll'!!es, Eliot 
and 
torer in 28, Barker in 24, Roscoe in 
lR, Steele in 18, F..,,, nes in 13, Wells in 10; 
others scattering. 
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A TA
IE crow, in the possession of a 
writer in the .Kuttall Ornitholo[Jical Club 
Bulletin, rids him8elf of para:::ites in a very 
ingenious way. He takes his stand on an 
ant-hill, and permits the ants to crawl over 
him and carry away the trouble80me ver- 
min. The sallie habit was observed in an- 
other tame crow formerly in the author's 
possession. 
DIED in Indianapolis, December 12, 
1876, Prof: Herbert E. Copeland, aged 
twenty-seven years. His scientific studies 
were commenced at Cornell University, 
where he devoted himself chiefly to nat- 
mal history, graduating Ph. 13. in 1872. 
He then became, successively, principal of 
an academy at Ravenswood, Illinois, and 
Professor of N atmal Sciences in the nor- 
lUal school at Whitewater "ïsconsin, and 
in the high-school at Indianapolis. Ilis 
premature death was the result of exposure 
while studying the ichthyology of the State 
of Indiana in company with Pro[ Jordan. 
IT is proposed in California to establif'h 
at numerous points in the State experiment- 
Rtations for the pmpof'e of accurately de- 
termining sundry agricultural problems, 
such as the nature of the soilR of different 
localities, the bf;<öt mode of maintaining and 
restoring productivenes5, etc. 
A FEARFUL epizoötic prevailed last fall 
amoll
 the horses of Egypt. On the 18th 
of September 200 horses died in Cairo 
alone. The army-horses were specially 
afflicted, and 50 per cent. of them had died 
before the end of September. The carl'asses 
were transported into the def'ert and thrown 
into those enormous bone-quarries of which 
we can have no idea here. But many were 
cast into the canals, and the consequences 
may be disastrous. It is supposed that 
this equine plague came from 
\byssinia. 
PROF. LEIDY, in dredgin
 the bottom of 
the Schuylkill near its mouth, was surprised 
to obsen e that no living thing whatever 
was brought up, the mud and sand being 
black and saturated with bituminous oil. 
The refuse of the city gas-works and proba- 
bly of some coal-oil refineries run into the 
river. The oils appear to have an affinity 
for the suspended particles of clay, and the 
result is a bituminous sediment. In the 
same mannel' oils from decomposing ani- 
mals, and ali'o from certain plant!ò, may have 

upplied the sedimentary muds of ancient 
shales. 
A RADIO
IETER, in the shop of a Paris 
optician, during the first two weeks of De- 
cember,1\\ ice stoppf'd entirely in the daytime 
-viz., on the 8th, dUl'ing a thund('r-storm, 
and on the 13th, during a fog. The instru- 
ment varied considerably as to the moment 
of daíly commencing: to revolve-the ex- 
tremes being 8.15 and 10.
5 A. M. The 


time of stopping was far less it.regular-the 
variation being only from 3.3U to 4 P. M. 
:MOST of the monthly educational joUl'- 
nals in the 'Vestern States bave been con- 
solidated to form one strong weekly-the 
}..-rational Journal of Education, puhlished 
in Chicago. The editors are 'V. }'. Phelps 
editor-in-chief, Prof. E. Olney, and others
 
Special editors will be employed to conduct 
special departments. The subscription price 
of the Jour/wl is $2.50 per year. 
b the hope of eliciting further informa- 
tion concerning the breeding-habits of the 
American kinglets (Regulus), or at least of 
putting observers upon the alert for further 
information, Mr. Ernest Inger
oll publifihes, 
in the :Kovember number of the Bulletin of 
tlte }..-ruttall Ornitlwlogical Club, a paper in 
which is broug},t together whatever is at 
present kIlO\\ n re:;pecting the nidification 
of these bird&... 
b consequence of the extraordinary pre- 
cautions taken last }'oUl'th of July, the losses 
by fire from the use of fire-works were less 
than usual on that anniversary; but the 
losses so causcd were nevertheless enor- 
mous. In the report of tbe National Board 
of t'"nderwl'iters it is stated that the invoice 
value of all fire-crackers imported sim'e 
January 1, 1875, is le8s than 81,500,000, 
and that tbe 10:;15 by two conflagrations 
traceable directly to them amounts to up- 
ward of 
15,OOO,OOO! It is considered to 
be not an extravagant statement that every 
dollar's worth of fire-crackers imported into 
this country occasior..s a direct loss by fire 
of more than 8100. 
b order to reduce to the minimum the 
danger to health incurred by workmen em- 
ploYf'd in the manufal'ture cf white-lead, 
the Briti:-:h Inspector of Factories rtcom- 
mends that clothes, gloves, and caps. should 
he provided for the employés to be worn in 
the work
; water-proof boots for those 
working with the moist white-lead, and res- 
ph.ators for those working with the dry 
white-lead. Besides, no workman should 
be allowed to leave the works unwashed, or 
in the factory-dress. 
THERE appears to be at present a con- 
siderable degree of reli
dous fermentation 
in Rm:
ia, and sects of' all kinds are daily 

pringing up. One of these new sects, the 
Philipovtzi preach suicide by fire and star- 
vation as: the greatest of Christian virtues. 
The" Child-)Iurderers" think it their duty 
to peopl(' .paradise with the souls of Í1mo- 
cent children. The ,. Strar.glers" believe 
that people can only enter paradise by a 
violent death. Other sects are the" Flag- 
ell ants " and the" Skoptzi," or mutilates. 
,The Skoptzi number about 100,000 persons 
of both sexes. 
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A COMBAT 'VITII AN IKFECTIVE AT:\IOSPIIERE.l 


By PROFESSOR JOHX TY SDAT.L, F. R. S. 


A YEAR ago I had the honor of bringing before the members of 
the Royal Institution some account of an inyestigation in which 
an attempt was made to show that the power of atmospheric air to 
develop life in organic infusion::.-:-infusions, for instance, extracted 
from meat or vegetables-and its })ower to scatter light went hand-in- 
hanel I then endeavored to show you that atmospheric air, when 
left to itself, exercised a power of self-purification; that the dust and 
floating matter that we ordinarily see in it disappeared when the air 
was left perfectly tranquil; and that, when the air had thus purified 
itself, the power of scattering light and the power of generating life 
had disappeared together. For the sake of reminding you of this 
matter, we will now cause a beam of the lamp to pass through the 
air. You see the track of the beam vividly in the air. Yon know 
that the visibility of the track is not due to the air itself. If the 
floating matter were removed from the air, you would not be able to 
track the beam through the room at alL You see the track in conse- 
quence of the floating dust suspended in the air. If the air be illclosefl 
in a place free from agitation the dURt subside
, and then, as I en- 
deavored to show you :1 year ago, the n.ir possesses no power of gener- 
ating life in organic infusions. The nature of the argument is this: 
You see the dust ag plainly as if it were placed upon your hand, and 
you could feel it with yonr fingers. Yon found that the dust, when 
it sowed itself in organic infusions, produced a definite crop in those 
infusions; and you are equally justified in inferring that the crop thus 
producerl is due to the gprms in the òust, as a gardener wou]d be in 
believing that a certain crop is producell from the seeds which he 
1 A lecture delivered at the Ropl Institution, on Friùay, January 19 7 1877. 
TOL. x.-H 
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sows. I say that the inference that his crop is the l)roduct of the 
seeds that he sows iH not more certain than the inference that those 
crops produced in the organic infusions are due to the seeds contained 
in them. 
You know the method that \ve reRorted to :for the purpose of 
enabling us to get rid of this dust. The object was, to allow the air 
to purify itself, and it was done in tbis way: I have berp the first 
chamber that was used in these experiments. You see at the l>üttom 
a series of test-tubes entering the chamber; they are air-tight, and 
they open into it. There are windows at the sides, and here is a 
pipette through which the liquids can be introduced. Behind we 
have a door which opens upon its hinges. Now, imagine this per- 
fectly closed; imagine it abandoned entirely to itself, left perfectly 
quiet. In a few days, the floating dust of the air contained in the 
chamber entirely disappears-it has removed itself by its own subsi- 
dence-and then, when you scnd a beam of light such as we have 
here through these windows, you see no track of the beam within the 
chamber. 'Vhen the air is in tlJis condition, )"OU pour tlll'ough this 
pipette infusions of beef, mutton, or vegetabl{'s, into these tubes, and 
allow them to he acted upon by the air. Last year, between fifty 
and sixty of these chambers were constructed, and the invariable 
result was that these infusions nevel' putrefied, never showed any 
change, were perfectly sweet months after they were placed there, as 
long as .the air had this flontil1g matter removed. You had nothing 
to do but to open the back-door nnd allow the dust-laden air to enter 
the chamber to cause these infusions to fall into a state of putrefaction, 
3.nd ewarm with microscopic life, in three days after opening the door. 
I have a smaller chamber here-for we use chambers of different sizes 
-and it will enable you to understnnd our exact process. (See Fig. 
1. ) You see here the stand on which the Challll)er rests. There are 
two bent tubes that communicate with the outer atmosphere, for I 
wish to have a free communication between the air outside and the 
air within. Y ()u see the pipette through which tIle tube is filled. 

Then the infusion is poured in, you place it in an oil-bath contained 
in a copper vessel, such as we have llere, in which you boil it for five 
minutes. Now that boilino- for fiye minutes was found ca p able of 
, 0 
sterilizi ng every germ contained in the infusions placed in these cham- 
bers. This year our experiments l)egan by a continuation of tholSe 
that we made last year. In order to enable you to judge of the 
severity of the results obtained last year, I have here five cases belong- 
ing to the experiments then made. Yon win see that tlle infusions 
are vastly concentrated IJecause of their slow evaporation. The 
quantity of liquid is reduced to one-fifth of its primitive volume, 11\lt 
this one-fifth is as clear as rock-crystal; whereas, the tubes exposed 
to the ordinary air outside feHlong a
o into utter putrefaction. They 
hecame turbid and covered with scum, nnd wl1CU you examine these 
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infusions to ascertain the rause of that turhidity, you find it to be 
produced by swarms of small active organisms. 
This year our inquiries began in the month of t;eptember. But 
we will pass over these inquiries for the moment and go to those of 
October. On October 
9th, two members of the Hoyal Institution 
collected a quantity of fungi in Heathfield Park, t;ussex. These were 


II
 
u,
 



 
1 '1 - .' .
. _'11- - 
" I I . !;.r -. 
II I" .II'? 



 I - li1illl 1 II 
iI' ,-- 
I III ,II 
'I II 111111 11 111 III r 
:J' I ':; ':' 
___. 
- 
s I ' I ' ' 
:.
 
. ; 
I, 
I - [, """II' - I 

. - - :__J 
l 


- 
-=-::::::.1 


FIG. 1. 


brought to London on the 30th. They were l)laced for three hours 
in warm water, and, whatC\'er juices they possessed, ,vere thus ex- 
tracted from them. They were placed in chmnbers and digested sep- 
arately. There were three kinds of fungi; we will call them red, 
yellow, and black. Now, I confess that, thinking I bad secured a 
perfect freedom from any invasion of those contaminating organisms 
that produce putrefaction, I expected that we should find that these 
infusions of fungus would maintain themseh.es perfectly clear. To 
my surprise, in three days the whole of them broke down; they be- 
came turbid, and covered by a peculiar fatty, deeply indented, corru- 
gated scum. Well, that was a result not expected, but I pursued the 
matter further. I got another supply of fungi. Even in this first 
experiment, I had used care at least as great as that which I adopted 
last year, and which led to a perfect immunity from the invasion of 
putrefaction. 'Vith the fresh supply of fungi, I operat(>d with still 
more scrupulous care. The infusions were place<1 as before in three 
chambers. In one of tnese, the infusion remained perfectly pellucid; 
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there was no trace of any OJ'ganiRm to be seen. In each of the other 
chambers OIlC of the three tubes gave way. Each chamber contained 
three tubes; so that, out of nine tulws containing an infusion of fun- 
gns, seven proved to be intact, entirely uninvaded. Therefore, what- 
ever argument or presumption was raised by the first chamber in 
regard to the iùea that life was s!)olltaneously generated in it, was 
entirely destroyed by the deportment of the other chambers. Seven 
out of the nine remaining intact, was sufficient to show tJmt it wa::; 
some defect ill the experiment that caused the first chamhers to give 
way so utterly. I continued the experiments, and, inasnulCh as fungi 
disappeared on the approach of winter, other substances were chosen. 
I took cucumber and beet-root, having special theoretical reasons for 
doing so, and prepared infusions of them with the aid of my excellent 
a8si
tant 1\11'. Cotterell. 'Ve placed these in our chambers as before, 
boiled them for five minutes, and abandoned them to what I supposed 
to be the moteless air within. Again, to my surprise, an infllsion of 
beet-root in one chamber, and an infusion of cucumber in another, 
broke dowlJ. .All the tubes became turbid and covered with tbi:s 
peculiar fatty SCUIn. Other chambers were then tried. I had begun 
to suspect that we were operating in a contaminated atmosphere; 
that nlY infusions were in the midst of a pestilence which it was hardly 
})ossible to avoid. The consequence was, that I withdrew the }Jrepa- 
ration of the infusions from the laboratory down-stairs, and I went to 
one of the highest rooms in the Uoyal Institution, had the infusions 
prepared there, and introduced into the cases, which were afterward 
boiled in the laboratory below. There were a great IHlnlber of these 
cases. The substances chosen were cucum1)er, beet-root, turnip, and 
parsnip. Great care was taken to have the infusions properly pre- 
pared, ana to have them rendered as clear as })ossible. To give you 
an idea of the care taken, I may nlention that the infusions of turnip 
and beet-root were passed through 24 layers of filtering-pa}Jer, and 
were thereby renòered clear; that the infusion of cucumber was 
passed through 120 layers of filtering-paper, and therehy reuë1ered 
clear; and that the infusion of parsnip was passed through 300 layers 
of filtering-paper, and it was still opalesceJlt. The suspended })articles 
were so small that the filtering-paper had no power whatever to arre
t 
them, and the finest nlÍcroscope ever made would haye proyed power- 
less to exhibit the inòi ddual particles that produced this opalescence. 
Notwithstanding all this care, the chambers containing these infusions 
in three days became filled with bacterial life. They were turl)id, 
. covered with Rcnm, and showed all evidences of putrefaction. This 
was on November 20th, On November 25th we went up-stairs and 
prepared another chamber, or a series of chambers. 'Vhen the tubes 
containing thp infusions were placed in the oil-bath, the liquids within 
the tubes opening into the case of course boiled, steam was discharged 
into the case, the air of the case being thereby rendered warm. It 
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was found that on the ce
sation of the ebullition, although the pipette 
was immediately plugged with cotton-wool, and the hent tubes also 
plugged with cotton-wool, still, ill consequence of tIle contraction of 
tbe air within, there wa.13 a considerablp indraught. Last year, we 
found invariably that the interposition of the 
otton-wool entirely 
sifted this entering air so as to arrest any germs or seeds that it might 
contain. I thought, however, in this case, that the germs might be 
carried in Ly the suction when the air of the chamber contracted. In 
the fòrmer ca
e, we operated after baving fiUed the chamber with the 
infusion and boiled it in the laboratory; in this case, we took the 
additional precaution of boiling the infusion up-stairs, and taking care 
that it wag properly plugged with cotton-wool. But here, again, not- 
withstanding this augmented care, the infusion utterly gave way, and 
showe(l those evidences of life that had distracted me previously. 
'Yheu I say distracted, it is not meant that I was in the least degree 
daunted or perplexed about it. I knew perfectly well that the nlatter 
would he probed by-and-by. On November 27th a new chamber 
was cOIl
tructell containing encumber and turnip. Particular care 
was taken with the stopping of the pipette, and also the bent tubes 
openillginto the atmosphere. In one instance, about this time, it was 
noticed that the infu:.;ions in the tubes within the chamber opening 
into the moteless air, or at least what I supposed to be the motele
s 
air, fell more rapidly into a state of putrefaction, became more rapi(lly 
covered with scnm, than the tubes exposed in the air outside. 'Yhen 
the tubes containing precisely the same infusion were exposed to the 
air outside, they were perfectly clear, while those within were turbitl 
and covered with scum. This brought to my mind an experiment 
made the previous year with trays placed one ahove the other. 
It was found that, when two trays were plaepd one aboY(
 the other, 
although the upper tray had the whole air of the room for its germs 
to deposit themselves, the under tray was always in arlvance of the 
upper in the development of life. The reason wa
 f:imply this: The 
air in the under tray waR less agitated, and this floating matter had 
time slowly to sink in the infusions. There was no other solution 
possible than that, by some mean
 or other, the germs had in
inuated 
thcIllse!ves into my chamber, and that these germs, sink
ng slowly 
through the unagitated air of the chamber, were able to produce the 
effect within in advance of tlw effect produc('d upon the openly-expo
ed 
tuhes without. On 'N ovemher 27th I had a similar case, aud al
o on 
November 30th, ana on December 1st. The chambers were prepared 
and filled with all care, and ypt the infusions hroke down, bec
me 
turbid, and wpre covered with :;:cnrn. I then llad a number of tuhes 
fiUed with infusions, and sealed them hermetically. They were ex- 
})osed in an oil-bath, a'l1d heated for a quarter of an hour to a tempera- 
ture of 230 0 Fahr., for I want(lc1 to see whether these effects w(lre ilue 
to any germs of life in. the infusions thernsehes. This superheated 
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cucumber-infusion was intl"oducf'd into the chanlber, and it was foullù 
that the superheating of the infusion did not even retard the develop- 
ment of life. In two days every tube of the chamber was swarming 
with hacteria. I then passed on to another system of experiment 
pursued last year, that is, the exposure of the infusions to air calcined 
by passing a voltaic current tLrough platilla-wire, so as to raise the 
wire to a state of incandescencc. t;uch arrangements are here. '\Ve 
have underneath this shade two wires, and stretching from wire to 
wire we have a spiral of platinum. Passing a voltaic current through 
the spiral, it was found last year that five minutes of incandescence 
were sufticient entirely to sterilize and destroy all germs contained in 
this air, and to protect the infusions underneath from all contamina- 
tion; the tinle of incandescence was doubled this year. The wire 
was raised as close to the point of fusion as possible; still, notwith- 
standing all this additional care, the infusions one and all gave way. 
I thought that there lnight be some defect in the construction of the 
apparatus. I-Iel"e, you see, is an old broken apparatus containing in- 
fusions that have remained l
erfectly good since last year; but great 
pains were taken ill having the apparatus of the most improved form. 
StilJ, notwithstanding all my efforts, the infusions broke down and 
became swarming with life. :i\[y attentioll was llOW very keenly 
arrested, and on December 1st I scrutinized more ('Iosely than ever 
I had done previously the entry of the infusions through the pipette- 
tube into the tubes opening into the chamber, and I noticed, at all 
events, a danger of minute air-bubbles being carried down along with 
the descending infusion. That caused me to adopt another mode of 
experiment; but, previously to this, I fell back upon some of the in- 
fusions found so easy to sterilize the l)fevious year. I operated upon 
beef, mutton, pork, and herring infusions, and found that even such 
infusions, which with the most ordinary care were completely sterilized 
last year, and are preserved to the present hour intact like the others, 
all gave way. 
IIow, then, are we to look at these things? Here are results 
totally different from those that we obtained last year. You may ask 
me, perhaps: "'Yhy do you not loyally bow to the logic of facts and 
accept the conclusion to which those experiments apparently so clearly 
point? 'Yhy do you not regard them fiS a demonstration of the doc- 
trine of spontaneous generation? Is there any other way of account- 
ing for it than by a reference to this doctrine? " You may ask 
whether I was held back by prejudice from accepting this conclusion, 
whether I was held back by a love of consistency, or by the fear of 
being turned into ridicule and sneered at by those whom I. ventured 
to oppose on a former occasion. Ladies and gentlemen, there is a 
title which I helieve, as the generations pass, will, if the owners of 
the title are true to themselves, become more and more a title of 
honor-that is, the title of a man of science-and of that title I should 
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be utterly unworthy wcre I not prepared to trample all influences and 
motives such as those mentioned under foot, and were I not ready, 
did I conceive myself to be in error in what was brought before you 
last year, to avow here frankly and fully in your presence that error. 
I should be un worthy of t}w title of a scientific lllan if my spirit had 
not been so brought into this state of discipline as to be able to male 
such an avowal. Why, then, do I not accept those results as provillg 
the doctrine of 
pontaneous generation? rrhe celebrated argument 
of lIume comes into play here. 'Yhen I looked into all my antecedent 
experience, and into the experiencf' of other Illen for whom I have the 
greatest esteem as investigator
, it was more easy for me to believe 
the error of my manipulation, to believe that I had adopted defective 
modes of experiment, than to believe tbat all this antecedent experi- 
l'nce was untrue. It was my own work that was thus brought to the 
bar of judgment, and my conclusion was, that I was far more likely 
to be in error tha.n that the great amount of evidence already brought - 
to hear upon the subject should be invalid and futile. Hence, instead 
of jumping to the conclusion that these were cases of spontaneous 
generation, I simply redoubled my efforts to exclude every possible 
cause of external contamination. This was done by means of doing 
away with the pipette altogether and using what we call a separation- 
funnel. IIcre you have a chamber with a pipette entering. This 
pipette-tube has not a bulb or mouth such as you have here; it is 
simply closed by a tube of India-rubber, and that again is closed by 
a pinchcock. Now, here we have :.m infusion of l)ay. At l)resent 
this stopcock stops it. I turn it on; it goes down; I turn it off, and 
this liquid column is now held by atmospheric pressure. This was 
introduced into the India-rubber tube, the India-rubber tube being 
first tilIec1 with the infusion, so that no bu1)hle of nil' could get in. 
'Vhen the separation-funnel was })laced thus and the cock was turned 
on, the liquid was introduced into the cbamber without an associated 
air-bubble. .:\11'. Cottm"ell will show you the result of tbis severe ex- 
pE'riment. Here is an infusion of cucumber, tbe most refractory of an 
infusions that I have dealt with. It was prepared on December 8, 
1876, so that it is between six and sev(>n weeks 01<1. Two days were 
sufficient to break down this infusion when contamination attacked it; 
Lut, by this more severe experiment, it is enabled to maintain itself 
as clear as crystal, although it has been there for six or seven weeks. 
You will see by the light behind that it is, as I have described it, per- 
fectly clear. You will obsen'e that the infusion is diminished hy 
evaporation, but it is as clear as distilled water, and there it remains 
as the result of this severe experiment. 
Let us now asl how it is that thc
e curious results that I have 
brought before you were possihle; how it is that the results of this 
year differ so much from those obtained previously. The investiga- 
tion of this point is worthy of your gravest attention. I am now 
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called back to the experiments with which the inquiry tbis year began. 
As already statçd, it was begun in September, and, leaving out the 
earlier experiments, I passed on to October 30th. I have now to hring 
your attention Lack to the earlier experiments performed in the laLo- 
ratory. They we're suggested ùy the ingenious in\'estigations of Dr. 
William Roberts, of l\lallchester, and by the subsequent investigatiom
 
of a man to whom we are indebted more than to any other for the 
knowledge we possess of the different species of those small organi
ms 
tbat we call bacteria; I refer to Prof. Cohn, of Breslau. Let me s.ay 
that I entertain the very highest opinion of the intclligpnce and ability 
with which Dr. Roberts has carried out these pxperiments; they are 
in the highest degree creditable to him. This is the experiment to 
which I refer: Some chopped hay is put into a little can; it is raise{l 
to a temperature of 100 0 to 120 0 ; it is kept for three hours, then 
poured oft' and filtered. Last year, we found that 1l3.Y thus treated 
was sterilized by five minutes' boiling. I mean that, when it is ex- 
posed to the air that has this floating matter removed from it, it 
never shows any SigH of microscopic life. Now, if you examine tlJis 
Batural hay-infu
ion with litmus-paper, JOu will find that it turns the 
litlllus-paper red, showing that it is an acid infusion. Dr. Hoberts 
found that acid infusions could he easily 
terilized, and his mode of 
proceeding will be evident from the figure that I have here drawn. 
He took a vessel with an open neck at the top (.A, Fig. 2), and filled 
it two-thirds full with the infusion he wanted to operate upon; he 
then stuffed the neck with cotton-wool, and BPaled it hermetically 
with a spirit-lamp above the plug of cotton-wool (ß, Fig. 2); he then 
placed it in a vessel containing cold water, aud he gradually raised 
the water to a state of ebul1ition and maintained the boiling tempera- 
ture for any required time. In that way he avoided all commotion, 
all eyaporation, all ebullition in the infusion. After he had placed the 
tube in this condition in the water, and subjected it to a boiling tem- 
perature for any required time, he took it out and simply filed across 
the neck and broke it off, as I do with this one (G, Fig. 2). I-Iere you 
have the infusion practically exposed to the atmosphere. The plug 
intervenes to prevent the entrance of dust, and still allows an inter- 
chanO'e hetween the air of tho bulb and the air outside. 'Yhen Dr. 
Hoh

ts took this acid infusion and neutralized it by the addition of 
caustic potash, he found it to po
sess the most extraordinary power 
of resistance to heat; he found that, in some cases, it required more 
than two hours to reduce this infusion to sterility; he also found that, 
in a particular case, it actually required no les::; than three hours' boil- 
ing to produce this effect. This was very different indeed from the 
results that I }wd obtained last year. I made Iuany experiments with 
hay-infusion, and in every case we sterilized it by five minutes' boil- 
ing. I was led to take np the suhject this year through the emphatic 
manner in which Prof. Cohn corroborated the results of Dr. Roberts. 
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I operated sometimes with tubeR like tho
e of Dr. RolJerts, an<-l some- 
times with those which I call Cohn's tubes. Th.'se are formed by 
heating a certain portion of a test-tube and drawing it out so as to 
leave an open funnel above, a bulb helow, and a narrow tube between 
both. These are Cohn's tuhes. IIis method was this: lIe placed 
the tubes, as they are placed here, in boiling water, ana, when they 
Ilad been 
ubjected to a boiling temperature for a suflicient time, he 
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simply lifted them out. lIe found a certain amount of water con- 
densed upon the neck of the bulb; he waited one or two minutes until 
that evaporated, and then quietly plugged his tube with cotton-,vool, 
and he thought that this was perfect immunity against the entrance 
of contamination; al1<l Prof. Cohn is very emphatic in saying that 
there is no thought of contamination from without in pursuing this 
method of experiment. I operated upon a great yariety of hay-in- 
fusions, and after a time, by pursuing with the 1nost scrupulous exact- 
ness the method bid Jown 1.y Dr. Roberts :md Prof. Cohn, it was 
possible for me, by practice, now to corroborate and now to contra- 
dict them. It is perfectly useless to bring forward before public as- 
semblies mert'ly opposing assertions, so that I did not really content 
myself with falling back upon the results I obtained last year, hut 
triL.d to get some knowledge :1'3 to whence the difference
 arose which 
showed them<;clves betwecn mc and these distinguished mell. IIere 
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are tubes of alkalized hay, some of them fmbjected to a boiling ten1- 
perature, not for three hours, but for ten minutes, and they arc per- 
fectly brilliant; there is not the slightest evidence of life in them; 
they have 1)een entirely sterilized by an exposure to a boiling tempera- 
ture for ten minutes. If I illuminate them, you will find that these 
infusions are pcrfectly brilliant; there is no turbidity that gives any 
sign of the production of animalcular life. These tubes have remained 
there for three months perfectly intact, unillvaded by those organisms 
which were invariably found both by Dr. Robcrts and by Prof. Cohn. 
Again, we turn to another series of tubes, and find that everyone of 
then1 has given way. Thus I went on ringing the changes, until, as 
I have said, it was in my rJOwer, by pursuing with undeviating fidelity 
- the mode of experiment laid down 1,y Dr. Hoberts and Prof. Cohn, to 
get at one time a contradiction, and at another time a corroboration 
of their results. 
And what was the meaning of these irreconcilable contradictions? 
The meaning was this: when we came to analyze these various in- 
fusions, we found that those that were sterilized by a boiling of from 
five to ten nÜnutes were invariably infu
ions of hay mown in the year 
1876, whereas the others were infusions of hay mown in 1875 or some 
previous year. The most refractory hay-infusion that I have ever 
fOUl1l1 was in the case of some Colchester hay five years old. :Now, 
what do these experiments point to? The answer may be in part 
gathered from an observation described in the volume of the ComjJtcs 
Rendus for 1863, 1>y one of the greatest supporters of the so-called 
doctrine of spontaneous generation. A description ii5 here given of 
an experiment that was made by the wool-sta}-)lers of Elbæuf. They 
were accustomed to receive fleeces. frmn Brazil, which were very dirty, 
and had, among other things, certain seeds entangled in them. These 
fleeces wcre boiled at Elbæuf somctimes for four hours; and thc seeds 
were afterwarò sown Ly some of these expert fellows that had to deal 
with the flceces, and were found capable of germination. The thing was 
taken up by Pouchet. He gathered these secds, exposed them to the 
tempcrature of boiling water for, four hours, ana then examined them 
closely; and he found (and I recently made an experiment which 
showed the same thing to be true with regard to dried and undried 
peas) that the great majority of the seeds were swollen and disorgan- 
ized, while the others were scarcely changed; they were so indurated, 
and perhaps altered in the surface, as to })revent the liquid from wet- 
ting them. At all events, a number of them appeared to be quite 
unchanged. He scparated these two classes of seeds and sowed them 
side hy side in the same kind of earth. The swollen seeds were all 
destroyed; there was no germination; but in the C:lse of the others 
thcre was copious germination. IIere, then, you have these seeds 
proved to be capable, by virtue of their dryness and induration, of 
resistinO' the tem l Jerature of boilina' water for four hours. There is 
0' 0 
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not the slightest t10ubt that, if time pern1Ïtted, I could heap up e\
i- 
dence of this fact, that the wonderful sterility of this old hay is due 
to the induration and desiccation of the germs a
sociated with it. 
IIere you have three tubes containing cucumber-infusion of crystalline 
clearness; they bave been simply subjected to a boiling temperature 
for ten minutes; they bave been completely sterilized, and they are 
as clear as when the infusions were first introduced into the tubes. 
On the other hand, here are tubes that have been subjected to a boil- 
ing temperature for five hours and a half, sbowilJg a swarming de- 
velopment of life. 'Vhat is the reason of this difference? The reason 
depends entirply upon the method of experiment. 'Vhen Dr. Roberts 
filled his bulbs, he simply poured in his infusion, plugged lJÏs tube, 
sealed it, and subjected it to a boiling temperature. Not only did 
the liquid contain germs, there was a quantity of air above the liquid, 
and the germs were diffused in the air. Germs thus diffused in the 
air are very differently circumstanced from germs diffused in a liquid; 



 


INLET 
 


____ TO 
AIR_ PUMF'. 


If 


t 


FIG. 3. 


they can withst::tud for hours a boiling temperature; whereas that 
self-same temperature, brought to hear upon germs immersed in liquid, 
destroys them in a few minutes. And why do these tubes differ? 
The reason is to be sought entirely in the method of filling the tubes 
containing the clear infusion
. Here is a diagranl (Fig. 3), represent- 
ing one of Dr. Roberts's hulbs. You see that the top is united to a 
T-piece with a collar of India-rubber. This comes down and ends in 
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the neck of the bulb. IIere is an air-pump, and herc is the end of the 
T-piece surrounded by a tube of India-rubber, and here is a l)inchcock 
to close that tube of India-rubber. If you open the pinchcock and 
\vork the air-pump with whi{'h this end is connected, it is completely 
exhausted. You nlay allow it to be filled with air; you may then 
open the pinchcock: the air will enter through the cotton-wool, and 
will fill the bulb. In this way you get the bulb filled, not with com- 
mon air, but with filtered air. This process is carried on three or four 
times, so as to make sure that the comm?n air has been displaced by 
the filtered air. '\Ve will suppose that I detach the tube from the air- 
pump, and other precautions taken. .i\.t present, )TOU see the bulb is 
pmpty. Taking an infusion of hay, I put the end of the T-piece into 
the infusion to be introduced into the bulb. The bulb is dipped into 
hot water; the air expands, and it is driven out. Simply introducing 
our bulb into cold water, the air shrinks, and by atmospheric pressure 
the liquid is driven into the bulb. Again we drive the air out, and, 
l)y a few opm'ations of this kind, we find that we can charge our bulb 
with a very great degree of accuracy. You can see the 1iquid in the 
bulb at the present time. In this way we charge a bulb which bas 
had its common air and floating luatter removed with our infusion. 
'\Vhen it is charged, it is very ('arefnlly removed, and great precautions 
are taken so as to preyent any indraught of air. For instance, it is al- 
ways removed from the cold water, so that, when it is lifted np into the 
air of the laboratory, a slight expansion shall take place, 
o that the 
ulOtion of the air 8hall be from within outward, instead of frUIn \vith- 
out inward. In that way we can, by careful manipulation, obtain 
bulbs devoid of this floating matter, These are the bulbs you now 
see before you showing this beautifully pellucid inful'ion. 
,\y ere thi
 a biological investigation, and not a physical one, I 

houlc1 feel my
elf out of my elenlent in dealing with it. I leave the 
determination of the species of bacteria to others far more competent 
than I am. I can see theRe organisms and wonder at them when I see 
them through the microscope; but I have no ability or knowledge to 
cla
sify them and divide them into species, genera, etc. But thf'se 
are purely physical experiments, and it is only l)y 8uch 8m.ere experi- 
ments that, this question can be freed from the llaze and confusion in 
which it has been hitherto invoh.ed. Even the celebrated Prof. Cohn 
-I say it with the greatest regard and respect for him-appears to 
haye no adequ:1te notion of the care necessary to be taken in experi- 
ments of this kind. To lift a tuùe out of the boiling liquid and allow 
it to remain quietly in the air, the entry of the air taking place from 
without inward, and then, after one or two minutes' exposure, to plug 
it with cotton-wool, and say that no contamination can reach it, is in 
my opinion a great mistake. fIe could 110t, Inlt by the merest acci- 
dent, get an infusion free from contamination by operating in this 
way. I have here tubes prepared according to this method. IIere 
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are some hwlon-tuhes a11 putrid, a11 gone into a state of fernlPntation. 
I ask you to compare tho:--e with some other melon-tuhes that I have 
operated upùn in a different way and that are as clear as crystal. 
The othérs are all gone, simply through a defect in the mode of nw- 
mpulation. 
The defeats that I at first described to you were due entirely to 
the contaminated atmosphere in which we workecl
. It ought to be 
noted that, in the earlier experiments in this inquiry, the re:,ults were 
always ill accordance with tho
e brought before you last year. Dy 
degrees, however, masses of hay were introducet1 into the laboratory 
-old hay and new hay from various places; and they ended by ren- 
dering the atmosplwre so virulently infective that everything was 
contaminated by the germs set afloat. It resembled the case of a sur- 
gical ward of a hospital, where gangrene and putrefaction have at- 
tained 
uch a predominance that the surgeon has, in despair, to shut 
up his ward and abandon it to Llisinfection. Desiring to free myself 
from this pestilential atmosphere, I wrote to my friend the President 
of the Hoyal Society, Dr. Ilooker, ahd I found that he was able to fur- 
nish me with a means of getting away from it. In I\:ew Gardens, 
there is a beautiful new laboratory, erected by the munificence of that 
most intelligent supporter of science, 1\lr. Thomas Phillips Jodrell. 
lIe, at his own expense, has had this beautiful laboratory built-being 
designed, I believe, by Dr. Thiselton Dyer. It is one of the neatest 
things I ha\"e ever seen, and it is to me a great gratification that the 
first experiments made in that laboratory were those to which I hare 
now to refer. I broke away from the contaminated air of the Hoyrrl 
Institution. It is very well for you that I can tell you that aU the 
germs referred to are perfectly innocuous to human beings, for I have. 
no doubt the air of this roonl is contaminated with them. .A. series of 
chambers was made-not of wood, for I wanted to get rid even of 
that, but of tin-and I would not allow 
Ir. Cotterell to carry tho
e 
chambers into the H.oyal Institution at all. They were carried frmu 
the tinman's where they were made to the laboratory at I\:ew. There, 
with the greatest ('are, the tuhes were treated first with carbolie a('id 
and then washed with water, anù then with caustic potash to get rid 
of all traces of carholic acid, and finally drenched with distilled water. 
Carbolic acid, as you know, is a deadly foe to these germs. III this 
way I hoped that every contamination th:1t might 1)e adhering to tlw 
tubt's wonld be destroyed, and that, ha\"Ïng got clear of an infected 
atmosphere, we might get the same results as we invariably obtained 
last year. The temperature was rai
(d to Let ween 80 0 and 90 0 , and 
once a littlp ahove 90 0 , 
o that the warmth was all that ('oula be de- 
sired for t!w development of those organisms. It give8 me the del'pest 
gratificrrtion to find that what was foreseen has occurred, and that this 
very day these chambers have come back from I{""ew perfectly intact. 
They comprise the most refractory substances that I had experimented 
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upon here. It W3S almost impossible to save a cucumber; I never 
did succeed in saving a melon infusion from contamination, and from 
this so-called spontaneous generation. But here, when the air had 
been allowed to deposit all its motes, and when we were withdrawn 
from an infected atmosphere, as I haye said, the chambers were re- 
turned with their infusions as clear as crystal. l\Ir. Cotterell will 
show you some of them. Yon will see that one of these is muddy 
and turbid, and it has a deposit at the bottom. Tbese are all dead 
bacteria, and the muddiness is due to swarming bacterial life. Here 
you have two infusions perfectly clear. 'Vhy does the other tube give 
way? 'Vhen we came to examine it, a little })inbole was found at 
the bottom of the chamber, and through tbat pinhole the germs got 
in. IIere is a melon-infusion; and, in order to show you what would 
have occurred if the infusions had not been })rotccted from the float- 
ing dust of the atmosphere, we have hung beside this case two tubes 
that have been exposed to the common air and have fallen into a state 
of uttcr rottenness. In this way, from the J odrell Laboratory at l{ew, 
we have had these cases returned with thf'ir infusions perfectly intact. 
Even in our infected atmosphere, when we subject our infu
ions to 
experimental conditions sufficiently stringent, we are able entirely to 
shut out contamination, and to show that spontaneous generation 
never occurs. 'Vhen we get clear of our "atmosphere altogether, 
this is a matter of perfect ease; and we find in Kew Gardens tbat 
N atnre runs her normal course. 


... 


RELATIONS OF TIlE AIR TO oun CLOTHING.1 


By DR. MAX YO N PETTENKOFFER, 
;'ROFESSOR OF HYGIENE AT THE UNIVERSITY OF MUNICH. 


T HE comlnittee of the Albert Society has honored me by an ÎIl\"i- 
tation to give a few popular lectures at Dresden, on subjects of 
public hygiene. Let me 
tate to you at once what I think of popular 
lectures in general. 
'Vhat ought they to be, and what can we expect from them? I 
am not one of those who in all their work and aim, look out directly 
, 
for the practical use, for the return on the capital, imnwdiat(> or pro- 
S l )ectiye. but on the other hand I feel m y self bound, in a certain 
, , , 
degree, to inquire into the object of much that may appear to be 
either unprofitable or useless. 
There is no doubt that populw. lectures on scientific subjects will 
not impart really competent knowledge, and will pot form experts. 
1 Abridged and translated by Augustus Hess, }1. D., member of the Royal College of 
Physicians, London, etc. 
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Therefore it will be maintained by many that such lectures protlucc 
more evil than good, creating as they do, and augmenting, that dilet- 
tanteism from which our period is already suffcring. In our schools 
also this (hlettanteism is gaining such dimensions, that one might get 
thoroughly frightened at the immoderate expansion of young people's 
knowledge, were it not for its small depth, which le
scn8 the dang
r, 
and for the fact that the. forgetting keeps pace with the learning. 
Accept my open avowal, that I also anl unable to invalidate the ob- 
jection that popular lectures on scientific subjects are not able to im- 
part a really competent knowledge, and do not form experts. 
But I believe that this does not matter, and that they have no 
such purpose. They are neither an exhaustive, scientific, nor a prac- 
tical instruction, but a scientific edification and elevation, which are 
to raise our n1Índs and hearts, and to affect us like listening to good 
music-to a symphony, the purpose of which is certainly not to make 
musicians of all the listeners. It is sufficient to feel the harmony 
which lies in the nature of good music. There is harmony in all our 
knowing and doing, our aiming and striving, as far as there is trutl" 
in them, and fortunately the sense for perceiving this harmony is as 
widely spread among mankind as the sense for nUH;ic. This harmony, 
which pervades every truth, ought to be brought home to the con- 
scìousness and feelings of everybody, so that the greatest number 
may rejoice ana become interested in it, that we may approach ncw 
sllbject
, and perhaps make them our study, or that, at all events, 
knowledge and resulting s)Tmpathy nlay induce us to lend our help to 
those men whose profession and calling require them to enter lllore 
minutely and exactly into the subjects in question. In this respect 
popular lectures have a high ana serious mission. It is their mission 
to create correct general ideas, to facilitate our grasp of them, to 
awaken and spread a certain lov
 for different tasks of mankind and 
01 the period, to form ties of friendship ùetween things, ideas, and 
men. Sympathy and sacrifif>es cannot be expected or asked from U
, 
if their objects are unknown to or badly understood by us. 
For these reasons it is my desire to awaken your interest for some 
subjects relating to hygiene, and particularly to impress upon you 
lllost vividly how much in this respect remains to be done and created, 
a work we all onght to take our share in. 
One of the incessant wants of man is air. 
'Ve want air mainly to nourish us and to keep us cool. The quan- 
tity of air inhaled and exhaled hy an <<tdnlt in twenty-four hours 
amounts on an average to about 360 cuhic feet, or 2,000 gallons. 
'Vhat we take in and give out <luring twenty-four hours, in the Rhape 
of solia anc1liquid food, occupies on an average the space of 5t pints, 
which is equal to "!cloo of the volume of the air passing through our 
lungs. It will astonish you to hear, perhaps, for the first timc that 
this amounts to 730,000 gallons in oue year, and. to be reminded of 
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t hat continuous work, which goes on day aud night-a ne\ er-ceasing 
hellow
-b]owillg, lJY which the organ of our life is kept in play. Of 
cour
e, the quantity of air flowing round the surface of the human 
lJOdy is much greater than that. Do not object, that air is 
omethillg 

o light that it need not he taken into account. It has some weight; 
water, certainly, is 770 times heavie.r, but our daily 2,000 gallons have 
for all that a weight of 25 pounds avoirdupois. Still, as it is not my 
intention to dwell here upon tbe subject of our oxygen-alimentation, 
I will to-day consider only the second use we lIlake of tbe air, the cool- 
ing of our working macbine. 
You all knoW' tbat life is bound up with chemical processes, kept 
in continual activity through the illge
tion of solid and liquid food, 
and of oxygen from the air. One of the conditions for the normal per- 
formance of these proces:-:es is a definite te!llperature, ahove and below 
which they (althou
b not brought to a stand[o;till) go on differently- 
they léave off performing the functions of normal life-they lead to dis- 
ease or death. 'YÌth man this uniform temperature of hi:; organs is 
one of the m06t e
sential conditioll" of his life. Tbe blood of the negro 
living in the torrid zone of the equator is not hy one-fifth degree warmer 
than that of the E:::quimaux in the highest north at the coldest time 
of the year-it is always 99t O Fahr. The extremes of temperature 
under which Imman life exists are 95 0 to 104 0 Fabr. in the tropics, 
and 57';) to 84 0 under freezing-point in the }Jolar regions. There are 
even differences of 72 0 in the mean montlJly temperatures of some 
countries, and yet the organs of man are everywhere of the same tem- 
perature. 
By wbat means il;; man enabled to meet fmch colossal differences: 
'Yhat are hi
 'Weapons for sustaining this gigantic struggle? 
Let us look a little nearer into the a1)solute quantities of heat tlw 
living organism has to manage. The chemical proce

e
 going on in 
an adult person, within the !'pace of twenty-four hour
, produce about 
12,000 caloric units. By caloric unit natural philoSOIJh,y designates that 
quantity of heat which is nece
sary to raise the temperatnre of one 
T)Üund avoirdupois of water by one degrf'e of Fahrenheit. 1 By the 
heat produced hy one per:::on during one day about 660 gallons of 
water coulù be made warmer by nearly two degrees, or 71- gallon6 
could l)e heated from freezing to boiling point, from 32 0 to 212 0 Fahr. 
L'ncler certain condition
 man produces more or less heat; for in- 

tance, according to the quantity of food he takes, or the degree of 
mu!'cular exertion he undèrgoe
, such deviations from tbe mean 
amountin
 at times to 50 per ('pnt. of the whole quantity; but it is 
alwa:1;; tbe task of the hody, and a 
tríct condition for the mainte. 
nance of healt h, to keep the heat of the blood Fubstantially the Fame, 
or at Iea
t within two degree
. 
We ha \'e to look upon our!'eh ('s as 'Warm and humid bodies IJlaced 
I Rankine's caloric units are used bJ the translator. 
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within a cooler atmos}Jhere. Such bodies lose their heat in three 
different ways: 1. Hadiation. 2. Evaporation. 3. Conduction. fhis 
triple arrangement is of great ad vantage for the heat-department of 
our organism, inasmuch as the exi'Jtence of these different routés 
allows of a delicate regulation-that, for instance, which we lose in a 
given case by radiation can be made up by diminution of lu::-;s through 
the other routes, and vice versa. The losses by radiation and ùy con- 
duction arc the most constant uniteI' equal conditiouf', and evaporation 
of water is the principal means for equalizing ùifi'crences resulting 
from varying production of heat or from difficulties of the two other 
routes. Allow nle to illustrate this ùy drawing your attention to 
some every-day phenomena. 
Yon arrive, for instance, in an hotel after a journt>y during a cold 
winter's ùaY', and have at once a fire lit in your room. Ld the fire 
be ever so bright, the thermometer even rise to a reas
uring degree- 
you must stick to the fireplace; the room doe
 not get warm. If you 
continue to live ill the same room ana have the fire kept in, it will by- 
ana-by get comfortable even if the thermometer in the room should 
stand lower than on the first day, and you will think quite correctly 
that the room wanted time to get warmed through and through. 
Before that had taken place, t he loss of heat by increased raùiation 
into the incompletely warmed space made itself scn
ibly felt ill the 
beating department of your body. Hadiation is the stronger thf1 
greater the difference of temperature hetween the two bodies. Sur- 
rounded as you are in a room not only by air, say of 68 0 Fahr., but 
also by walls, furniture, etc., which st3.1Hl, perhaps, at 38
 to 40 0 , your 
hody radiates its heat particularly toward these colùer objects, till 
they also get 
varmer. For a room to be warm, it must get warmed. 
with all which it contains. 
Let us now look at the contrary case, when our loss by radiation 
is uncommonly limited; for instance, in a thronged room on a warm 
and moist day. You feel an oppressh>e heat, and scarcely trust the 
thermometer, which marks only 68 0 , perhaps your f
t\'orite tenl- 
perature. Quite correctly, yon accuse the throng of people, and 
retire into an adjoining room, where you find the air deliciou:5, and 
seem to rE'cèive new life; there, again, the thermometer is suspect ell 
by you, a" it is scarcely different from its colleague inside; and if the 
air in the two rooms were to be E':\.al1lined eudiometrica.l1y, the ùiffer- 
ence would be so sm:1ll as to lea\T unexplained the diflèrence in your 
sensations. 'Yh:1t, the"(l, causes this difièrcnce? It is the suppression 
of your lateral radiation of heat, when you are in the midst of other I 
equally warm bo(lil's; your receipts and expenditure by radiation 
cover each other, and the cooling of the in<.lidduallimits it
df to the 
two other route
, conduction ùy the air moving round him, and evap- 
oration of water from his surfaee. On such occasions the pores of 
your skin pour forth a quantity of water, ana, fit the 
ame time, you 
T"OL. x.-4
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instinctively try to increase the movement of the air-that nleans, its 
quantity in proportion to your surface; you want to increase your 
loss by conduction, anJ, if possible, by evaporation, and take to fan- 
ning, in orùer to facilitate the (1c
lJarture of your rising heat by the 
two open routes. 
The 10Sb by radiation can be very considerable under certain' cir- 
cumstances; 50 per ceut. of the whole quantity of heat generally go- 
ing that way, it is obvious that radiation del:.ierves our full consider- 
ation. Particularly, an unequal radiatiun lllay 1e n
ry injuriow;:., such 
as takes place when a person is sitting or lying near a 'cold wall which 
is not covered by some bad heat-conductor, or near a window, etc. 
On scllOol-forms, the expo
eù siùes of the fir
t and last pU}Jils are 
- always more c_ooled than the t:;illcs directed toward their neighbors. 
Iu this respect there are numbers of practical })oints which ill'e far 
from being sufficieutly taken iuto consideration. 
Let us now consider some instances in which the abstraction of 
heat by evaporation is predominant, or preëmillently felt. The best 
known is that experiment by which one tries to learn the direction 
of the wind when the air appears calm amI the sky cloudless. The 
nloistened forefinger fcels coldf;r on that side which looks toward the 
wind, because nlore evaporation takes place there. The ex!>eriment 
does not succeed so well when the air is lllOist, because the moisture 
in the air prevents further reception of moisture hy it; in our case, 
IJrevellting the evaporation from the moistened finger. 
Our organism acts 
Í1uilarly in all cases where there is :In increased 
production of heat in our body, or where less heat is sent away by the 
two other rmites. It has the power of dilating or narrowing the small 
hlood-ve:-;sels in our skin and interual organ
. The blood-vessel nerves 
which govcrn this nlotioll are not sul)ject to our will, but liahle to be 
excited by external causes. 'Yhen a }>erson blushes, he gives off heat, 
ùecause more blood rushes into the dilated blood.vcssels of his cheeks 
and pcriplH:
ry generally, and more heat leaves the body. UJH1er 
similar circumstances the whole surface of our Lody ùecomes fuller 
of hlood ancl warmer, there is more heat to radiate and to be con- 
ducted a" ay, and to be consU1ned by increased evaporation of the 
watery part of the hlood. . 
The great value of e\'aporation fOI. the cooling of our body can be 
estinmtetl by caleulating that as little as fifteen drops of water re- 
quires 2:1- caloric units to be changed into va}>or. 
'Ye have at 
lnnich a great apparatus for 
tuc1ying the process of 
respiration. It was given by the late IGng of Bavaria, 
Iaximilian 
I!., to the hygienic department of the university. Prof. Voit and my- 
self have, hy aid of this apparatus, investigated the quantity of water 
evaporated by men and animals during twenty-four hours. The con- 
stant l'esult was that, uudcr other similar circuIDf;tances, the quantity 
of evaporated 'Water always rose in prol)ortion to an increased meta- 
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morphosis of tis::me, whether this increase was the consequence of 
incr
ased nutrition, or of Jlluscular exertion. 'Ye have exp
rimcnted 
upon men at rest and at work, and we have found that on a day of 
rest they usually evaporated through lungs and skin about two 
pounùs only during twenty-four hour
, and on a day of hard work 4t 
pounds of water. In the tirst instance, about 2,016 caloric units, in 
tbe second, 4,480 had to leave the body ill consequence of evaporation. 
This explains to you how it can be that even with the hardest 
work onr 1Jlood will not become warmer, but sometimes even cooler. 
The last observation has been made quite recently in nlountailleering 
expeditions. Prof. Lortet, of Lyons, found, when he 11lade an ascent 
of l\Iont Blanc, that the temperature in his mouth and armpit was 
less than normal, and became normal only when he was at rest. On 
such high mountains the lessened pr
::5sure of the atmosphere favors 
the peripheric circulation, there is a rush of water to the surface, 
and its evaporation take:::; place more readily, and illcreases with the 
altitude. A.t great heights persons in a balloon constantly complain 
of great dryness in the mouth. 
Profs. V oit, Recknagel, and myself, are just now occupied in 
investigating the economy of animal heat, and we have found that 
after six hours' hard work the p('rson leaves the apparatus in a cooler 
condition than when he went in, or after he had been at rest in the 
apparatus for the same space of time. Of course, the ventilation of 
the apparatus must work wen, and send per hour about 11,100 gallons 
or 1,800 cubic fcet of air through the ch3.1nber, else less water and less 
heat depart by evaporation. 
You see what powerful means of cooling our body we have in the 
inerca
e of our peripheric circulation, and consf'quent evaporation, at 
a time when the other routt's are not open suffieiently- but 'you see 
also how dangerous this means can become, if it is employed at a 
time when considerable quantities of heat depart on the other routes. 
If, heated and damp, you enter smldculy a. cold space, where radia- 
tion increases at once, and a good deal of heat i
 also yielded. by con- 
duction to the cold air, you are in great dang
r of contracting an 
illncss 1JY the abnormal losses of heat., and the yiolent and sudden 
changes in the circulation. But if you uIHlergo such changes slowly 
and gently, the three I"Outes open them
elves harmoniously. Our or- 
ganism is a fa.ithful aud clever servant, who helps himself and his 
master, prodded he is not hurrie<1 and ill-treated. 'Vhen I come to 
speak of ventilation, I shall not forget to tell you of currents of air, 
called draughts. 
The third route, that of conduction, hy which we ghre up heat to 
the air, is also of great importance, and must in some circumstances 
replace the two others to a consideral,le degree. As long as our body 
is warmer than the surrounding 
ir, this air gets warmer at every 
point of ('ontact with our bOlly, but at thè 
ame time lighter, and as 
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such it is displaced by colder and header air, which in its turn gets 
warmer and lighter, and so OIl. 
Each person standing in the still air of a room causes in this way 
an ascending current of air, just like a heated stove. A very sensitive 
anemometer, placed between coat and waistcoat, shows the existence 
of this current, which is strong enough to set the little wings of the 
instrument in pla:y. The air in this room appears quite still, and yet 
it is in thousand-fold motion and ceas('less l'estlessness; but, happily, 
our nerves are not R\vare of this, just as a short-sighted person may 
deny the existence of somp object, till his eyes get the assistance of a 
glass. 'Vhoever of you would be aþle to feel or see all the move- 
ments of the air in this room would probably not be able to stand it. 
A correct idea may be formed aùout it hy the action of smelling sub- 
stances. If, for instance, an escape of gas were to take place in a re- 
mote corner of this large room, you would become aware of it almost 
immediately all over the room. Our ncryes arc happily so organized 
that they begin to feel the motion of the air only when it amounts to 
about 3-1 feet per second. 
You may have some doubt about this ignorance of your nerves, 
because the proof lies not in our immediate perception, but in con- 
clusions fronl other observations; but you may easily convince your- 
self that it is so. It is the same thing whether you nlove your hand 
at a certain rate through a still air, or whether air moves at the same 
rate rounel yonI' hand. Yon will find that you do not feel anything, 
no resistance, no coolness, if you move your hand at less than ] 9 
inches per second. 
I take this opportunity to draw your attention at once to the 
average movement of air out-of-doors, a subject very imperfectly 
known to most people, but which you must understand well in order 
to have a correct idea of the real difference between being in a room 
and in the open air. The velority of the air is measured by an instru- 
ment called an anemometer, a description of which you can easily get 
at. In our temperate climate this velocity amounts on an average to 
about 10 feet per second. This would make about 7 miles per h
)Ur. 
Imagine a frame about the height and width of a human body; let us 
say it nleasures about 6 feet by It, 01' 9 square feet. If you multiply 
this by the average velocity of the air, yon will find that in one second 
90 cubic feet, in one minute 5,400 cubic feet, in one hour 324,000 cubic 
feet of air flow over one person in the open, I shall come back again 
to these numbers when we have to consider the su1)ject of the venti- 
lation o
 dwellings, but you will already understand that it is not too 
much if 2,100 cubic feet of new air per hour and per bed are con- 
sidered necessary in the ventilating arrangements of hos})itals, etc. 
This quantity, which appears large, is after all o'nl y about m of the 
quantity of air which comes in contact with a person in the open at 
the above stated average velority of the air. 
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You see, therefore, that we give off more heat by conduction in 
the open air than ill a room, and in the latter proportionately more 
by raùiation and evaporation. 
r-rhe power of conduction is best appreciated when we change the 
air for some other fluid medium, which is a better conductor than air, 
and more capable of absorbing heat, I mean water. In air of a few 
degrees of heat, we can feel pretty comfortable with moderately 
warm clothes; but, if with the same amount of clothing we were to 
get into water of the same temperature, we should feel painfully cold, 
and should probably be fl'Ozcn to death in a few hours, although our 
loss by evaporation would have ceased entirely, and that by radiation 
nearly so. In hot climates, therefore, a daily bath is of great service 
for the necessary cooling of our body, even if the water is not cooler 
than the atmosphere. 
In the air also the loss of heat ùy cOllduðtion is the greater the 
lower the temper:1ture, and the greater the velocity of the air which 
Hows around us. This explains on tbe one side why it appears super- 
fluou
 in a calm awl cool air to make use of a fan, while this expedient 
acts so beneficially at higher temperatures; and on the other why, as 
a rule, a warm air in motion appears much cooler than a calm one of 
equal te:mperature. Think of the sultrilless before a thunder-storm, as 
long as the air is at rest, and how differently we feel as soon as the first 
wind rises. r-fhe air is not yet cooler, not less saturated with vapor 
than before, and still it deprives us of so nutCh more heat that we 
deCln it less sultry, even cool, only because it travels over us faster. 
When we fan ourselves in a hot and damp air, the same thing takes 
place-then, also, a greater amount of air passes over us in a given 
time than if we leave the air to its own motions. TIle fan changes 
nothing in the temperature and moistne::\s of the air, it ouly increases 
its velocity, and in consequence the abstraction of heat., and thus 
affords us coolness chiefly on the unco\.ere(l 0"1" only slightly covered 
parts of our bodies; therefore, ladies k-we more rea::;on for using it 
than the stronger sex. 
As long as the air is our surrounding medium, an increased evap- 
oration associates itself with the increased loss by conduction, at least 
as long as the circulation of the blood in the skin remains active and 
the air is not saturated with moisture. The fan scarcely ever cools by 
increased conduction alone, but also by increased eyaporation. There- 
fore, fanning with dry air is much more cooling than fanning with a 
Jnoist air of equal temperature. We all know how much quicker wet 
roads and wet clothes dry when there is a good wind. IIowever 
rapid the motion of moist air may be, it does not dry. 'Yhen our body 
is bathed in perRpiration the fuller condition of the skin occasions an 
increased transfer of heat from the dilated ùlood-vessels to the snr- 
rounding air IJY conduction, but generally also hy evaporation. 
In southern climes, at the hottest and moist time of the year, when 
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the body cannot lose much heat by radiation toward colder objects, 
when the temperature of the air approaches and even surpasses at 
timcs that of our bloo(l, the European often feels the heat to suffoca- 
tion, and besides the use of the bath he has no other l)ractical remedy 
than the fan and tlJe shade. 
In the shade the air is not only cooler, but also more in motion. 
The difference of temperature lJetween a })lace sheltered from the rays 
of the sun and a neighboring one exposed to them, produces a motion, 
a current, because bodies of air of unequal temperature are also of 
unequal weight. They are not in equilibrium, and seek to reëst
blish 
it by motion. Anyone may easily convince himse)f thereof who, on 
a hot day with calm air, walks alternately over places exposed to the 
sun and sheltered from it. As soon as }Je comes into the shade of a 
cloud, a honse, or a tree, he feels at once a soft wind rising. The 
shade not only protect's us against the direct solar rays, but it in- 
creases also the ventilation of the shady pInce. 
The fan acts on the same principle. The pankha in the bungalow, 
by increased conduction and cvaporation
 keeps the blood of the Eu- 
ropean at its normal temperature of 991 0 . 'Vhen tlw temperature of 
the air rises to 140 0 , w}len the walls of the house or bungalow are no 
longer cool enough to pro\Toke radiation from the hented human body, 
man is reduced to cooling by eval>oration. It greatly depends upon 
the state of dryness of the air how far he succceds. The drier the 
hot air is, the better is it able to withdl.aw water frOlll the skin, from 
the re
pirator1 organs, from the wetted floors, and consequently the 
Inore heat from the human lJOdy. The moister it is the less it is alJle 
to act thus. 
In order to give you an idea of the quantitative differences in play, 
"We will consider the losses of heat l)y respiration as they take place 
at different temperatures and different conditions of moisture of the 
air we draw in. In twenty-four hours the quantity of this air is on an 
average 2,000 gallons. It has been calculated that by the process of 
respiration a person lo
es 1,172 ca]oric units when the air is at 32 0 and 
qnite òry, 1,116 when it is half satnrate<1 by water, 1,060 when it is 
completely so. The òifference l)etween the two extremes is only a 
8n1:111 percentage of the whole loss. But, when the tem}1erature is 86 0 , 
t.he ahoye numher
 would be respectiyely 1,096, 760, and 420. 
A comparison of the losc;es of heat by the respiration of an abso- 
lutely dry and an ab!'oolutely saturated air at 32 0 and 86 0 Fallr. is 
highly instructive. 'Ve lose: 
at 32 0 and dry. . . .. . . .. . . .. . . . . . . .. . . . . . . . . .. . . .. 1,172 caloric units. 
"86 0 " H .................................. 1,096 


difference only 76 
at 32 0 and saturated ............................. 1,060 
"86 0 .' " ....................... ...... 420 


difference as much as 640 caloric units. 
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The different state of dryness of the air appears thus to lJe of a 
greater moment than the ditferellce of temperature, and this is the 
reason why our sensations do not always coincide with the thermome- 
ter. You readily understand how much more difficult it is to manage 
one's heat-household in a Jwt than in a cold climate. Our means for 
warn1Ïng ourselves are bettcr than those for carrying off our heat. 
Therefore the European race has a hard fight under the equator. 
The working power of the body depends on a certain amouu
 of con- 
sumption, by which a certain amount of heat is necessarily cn'ated, 
which has to leave the body in a regular way. The Hill<loo who has 
to draw the European's pankiw, bears the heat better in proportion as 
he takes less fooù and creates less heat in himself, but tlwn his work- 
ing-power is also quite proportionate to the total of his consumption. 
The European's struggle in a hot climate and his dangers of de- 
generacy will remain the sante as long as he has no better means of 
cooling himself by some or all of the known three routes. Houses 
with thick stone-walls are tolerably efficacious. These \vall8 rarely 
get warluer than the average temperature of the year. They cool the 
air which comes into the house, and act on the inmates in the way we 
have seen when speaking of the room which is not warmed through. 
..l\.. good means would be SOUle contrivance by which the air in the 
house could be deprived of its water. 
I could not help inflicting upon you this rather long introduction, 
llor coulJ I possibly ahhreviate it, as, without tJJC little knowledge 
which I have tried to impart to yon about the cooling of the human 
hody, you would not be enableå to obtain a proper insight into the 
fuuction::; of our clothing and our dwellings. Therefore I believe my- 
self to have had a good claim on your patience and indulgence. 
One of luau's principal (lefensive weapons in his struggle for exist- 
ence is his clothing. Tlw place it takes in the history of civilization 
and its connection with physiology are not often thought of. People 
speak ahout it generally from a moral and æsthetic point of -vie\v, but 
the main purpose of clothing is seldom approached in conversation- 
I nlean the purely hygienic one. I deem this to be a misfortune, "be- 
cause this forgetting of the chief point has suhjected mankind to the 
rule of small and frivolous con
ìderation
, and the manners and fash- 
ions of the perioc1 get frequently the better of the hygienic fitne
s of 
the clothing. l\Iorality and beauty do not depend on dress. They 
cannot be created or preserveil by it. These great qualities could 
even exist without it, but the human body as it is could not, or only 
barely and imperfectly, exist in our climate without the protection 
of clothing, which is more indispensable for our health than for our 
beauty and morality. 
So manifold are the changes brought about in our system hy cloth- 
ing ourselves, that I am unable to give you more than some incom- 
plete parts of the su hject. 
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'Vhen I cover one part of nlY body I change the degree of ab- 
straction of heat by all three routes known to you, ùut without 
obstructing anyone of them entirely. 
To speak in the first instance of radiation, it will be clear to you 
that our surface is prevented from radiating heat directly toward the 
colder objects in our neighborhood, and that it can only radiate toward 
the covering lllaterials, which receive this heat. By the laws of con- 
duction and radiation the heat, which has radiated from the body into 
the clothes, has to travel through them ùy radiation and conduc- 
tion, till, arrived at their outer surface, it can radiate thence toward 
colder ohjects, just as it would from the naked surface of the body. 
Thus by our clothes we keep the heat radiating fronl us somewhat 
longer in the immediate neighborhood of our surface. The lightest 
eovering even nlakes itself perceptible by impeding radiation, the 
thinuest veil keeps warm in some degree. It is just the same with 
the earth itself. On a calm, clear night the earth's surface becomes 
so chilled by radiation into the colder space, that the moisture of 
the air precipitates it
c1f on it as dew, and at times as hoar-frost, and 
even as icp, just as the moisture in a warm room does on a window- 
pane cooled frOln the outside; but, when a veil of douds overhangs 
the earth during the night, the earth never cools itself so much as to 
allow of any dew forming. 
There are substance
, cal1ed diathermal, which alIow the rays of 
heat to go straight through them without any absorptio'n, for instance, 
the crystals of common salt, but aU the materials of our clothes are 
Ruch as :1.bso1'b the rays of heat which COlne to them from one side, 
:Hld only part witlI them after they have reached the outer surface. 
The transit of heat through what we may can our artificial surface 
depenr1s essentially on the conductive power of the material and its 
thickness, io e., on the length of time and way which the heat has to 
go through in order to travel from our surface to the outer surface 
of the garment. 
Th
;s the whole immediate neighborhood of our body is continually 
warmed in an even degree hy our radiating heat, and our sensithe 

kin is spared the nunlerous difl.agreeable or injurious effects of a rap- 
idly-changing temperature. 
The heat does not remain in our clothes, it is continually on nn 
outward move, faster or slower, and, to a certain deg!Oee, also warms 
the stratum of air between our clothing and our skin, so riel] in neryes 
ana blood-vessels. This air, a
 we shall see presently, cOHtinnal1y 
chan\Yes and Dlnst chano-e if we are to feel comfortable. In the cold 
b , :-- 
of winter, and in the open air, we lose our bodily }Ieat out of our ,vell- 
selected garments without any sellsation of cold, only because we 
ha\-e removed the place of exchang-e between the temperature of our 
warm blood and the cold winter air from our sensitive surface to a 
substance witllOut life and sen
ation; instead of our skin, our dress 
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feels the cold. It is the f'ame with the hair of animah-, and the feath- 
ers of l)irds, they are also without nerve
. 
In proportion a.s our heat-losses increase, while the creation of heat 
in our interior remains about the same, we feel the necessity of dimin- 
ishing the rate at which the heat leaves our immediate neighborhood. 
This kind. of regulation is somewhat taken care of in voluntarily even 
by the naked body. In cOllsequence of the cold, the nerves which 
act on the calibre of the blood-vessels of our surface contract them, 
and lessen tbe quantity of blood in them, f'0 that less heat comes to 
the surface, and we need not be afraid of becoming also inwardly 
colder if we feel cold, even very cold. 
The sensation of cold on the skin does not necessarily give the 
nleasure of our internal temperature. In the cold stage of ague, for 
instance, the temperature of the internal organs rises considerably, 
while by a kind of spasmodic contraction of the superficial blood- 
vessels the flow of heat toward the skin is less than normal. The 
above-Inentionml regulation of heat-loss hy the capillary systt'nl of 
our skin is not all-sufficient either in point of time or degree. Tlw 
cold may be too strong, and the regulator get overworked and para- 
lyzed, so that additional clothing is required to delay the departure 
of our heat, and to spare the nerves of the bloo<.1-vessels. 'Ve help our- 
selves by additional clothing, and the ulHlerlying article of clothing 
stand
 in the same I'elation to the outer one as the skin to its first 
covering. From this point of view you have to consider the sequence 
of shirt, under-clothing, coat, overcoat, etc., etc., an arrangement by 
which we save the vasomotor nerves the greater part of their work. 
It is an open question, which the incompletenes
 of our hygienic 
knowledge prevents us from answering quite satisfactorily, how far 
we ought to hand over the regulation of our heat-loss to our dress, or 
how far we should go in deputing it to our organism, and its cal)ahil- 
ity of transferring nlOre or less heat from the centres to the surface of 
our bodies. This self-help of the organislll and the readiness for it re- 
sulting from freqnent exercise of this function are generally called hard- 
ening one's self; the contrary, making one's self tender. The former we 
can never quite dispense with, hut I helieye that too high a value is 
sometimes put and too large claims nlade on it. One ought to possess the 
capability and the readine
s, but not to make use of then1 continually, 
.All human aim mllst be to ohtain the grpatest effect at the smallest 
expense. "r e ought to choose those nlCans which attain the end with- 
out exhausting our power, which shouhl he preserved for higher pur- 
poses. These principles ought to guide us in approaching .the question. 
It is not only superfluous, but positively injurious, to use one's self up. 
I believe that it is now evident to you that a part of the heat. of 
our body radiates from the f'urface of onr clothing; but we nm.5t now 
consiller whether this radiation docs not vary according to the nature, 
quality, or color, of the material. Experiments which have beeu 
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made by Dr. Krieger on wool, wash-Icather, silk, cotton, linen, and 
India-rubber, have not shown any important differcnce. Krieger cov- 
ered cylinders made of tin and filled with warm water with different 
and differently-arranged materials, and noted the dccrcase of tempera- 
ture in stated periods. lIe used layers of two diffcrent materi3ls, but 
it made no great difference what the outer layer was. Still, I will 
mention that silk and cotton allowed more heat to radiate than 
wool. The color also of the material has bcen shown to have no 
great influence on thc radiation of heat, which ren1ains the f'ame, 
whcthcr we }u1,ve a bhlck or a white g:1rment on. 
Rnt it is quite anothcr case when ,,,
e rc>ceivc luminous heat, rays of 
heat proceeding from luminous bodies, such as the sun, or some flame; 
then differenccs rcsult, which certainly are not very great with differ- 
ent materials of the same color, but become great indeed whcn the 
colors are difterent. For white textures the following proportions 
are found: 
"Then cotton received. . . .. . . .. . . " . . ... . . .. . . .. . . .. . . ... . .. . .. 100 
Linen received. . . .. . . .. . . .' . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . . . . .. 98 
Fl.lnnel " .... . . . .. . . '. . . . . . . .. . . .. . . ., . . .. . . . . . . . . . . .' . .. 102 
Silk ". . . .. . . .. . . .. . . .. . . . . . . . . . . . . . . . . . . .. . . .. . . . . . .. 108 


\Yith shirtings of different colors thc proportions were: 
'"rhite. . .. .................................................. 100 
Pale straw-color.. . . . .. . . .. . . .. . . .. . . .. . . .. . . . . . . . . . . . . . , . . . . .. 102 
Dark yellow. . . . .. . . .. . . .. . . .. . . .. . . . . . . . . . . . . . .. . . .. . . .. . . . .. 140 
Light green.. . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 155 
D.lrk green.. . . .. . . .. . . .. . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . .. . .. 168 
Turkish red. . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 165 
Light LIue.. . . . . . . . . . . . .. . . .. . .. ............................. 198 
Black. . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . .. _ . .. . . .. . . . . ., 208 


Of conrse, yon all know by expcrit.nce that, when dressed in black, 
you feel much hotter in the sun than wilell dressed in white. It is 
remarkable that, pale straw exceptetl, each color heightens consider- 
ably the absorption of luminous heat-rays, and that blue does so 
nearly as nUlCh as hlack. But, as soon as we are in the slmde, the 
differences nearly vanish. 
If we continue to consider our loss of heat by radiation through 
and from our clothing (omitting for the prescnt conduction and evap- 
oration), we come at once to the practical question, how much this 
loss is retan1ed by interposing several strata of material between our 
snl"Íace and thc air, or in fact to the question ahout the heat-conduct- 
ing l)ower of materials and textures. Very few experiments haye 
been made in this respect. 'Ye know, with respect to this point, the 
properties of metals, of nlinerals, of chemical compounds, but not of 
,vool, linen, or leather. This shows, by-the-l)y, how ]ittle hygiene 
has been treated until now in an exact and scientific way. "T e talk 
in a general way about the nse of garments as bad conductors of heat, 
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hut the few experiments known to me entirely run counter to our ac- 
cepted ideas. 
J{rieger experimented on cylinders fil1ed with warm watpr, by sur- 
rounding them tightly with 8iugle or douhle textures. AH the loss by 
radi.ation is the same in both cases, any difference nlust result from 
differcnce of conducth e power in the coverings of the cylinders; but 
the results were, for the most part, surpri
ingly small. rrhe following 
numùers represent the proportions of loss of heat through double 
tight-fitting coverings in comparison to single ones; the 10ssCi3 through 
the single ones being taken as 100, they were, through- 
Double thin silk. . . .. . . .. . . .. . . . . . . . . . . . . . . . . .. . . .. . . .. . . '. . . .. 97 
" Gutta-pereha. . . .' . . . . . . .. . . . . . . . . . . . . . . . . . .. .......... 9û 
" Shirtings. . . . . . . . . . . . . . . . . ., . . ., . . . . . . . . .. . . . . .. . . . . . . .' 9:> 
Fine linen. . . .. . . .. . . .. . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . " 93 
" Stout silk. . . .. . . .. . . ., ................................ 94 
" Thick home.spun linen.. . . .. . . . . . . . . . . . . . . ., . . . . . . ., . . . .. 91 
" Chamois-leather. . . .. . . .. . . .. . . . . . . .. . . . . . . .. . . .. . . . .. 88-90 
" Flannel. . . .. . . .. . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . ., . . . .. 86 
" SUlllmer buckskin.. . . .. . . .. . . .. . . . . . . .. . . . . . . . . .. . . . . . . .. 88 
" 'Vinter buckskin.. . . . . . . .. . . . . . . .. . . .. . . . . . . .. ...... 74-84 
" Double stuffs.. . . . . . . . . . . . . . . . . . . .. . . . . .. . . .. . . .. . . . .. 69-75 


The whole question is certainly not exhausted by these experiment
, 
but one thing beconl(
s evident by them, that it is not the substance 
anù its weight, but the texture and the volume, which are the principal 
causes of the difference. Thin and stout silks, fine and stout linen, are 
nearly equal in substance, and equal sizes of them are not 80 very 
different in weight; it is their different heat-conducting power which 
causes the difference of the loss, and this is, even through two layers of 
them, not as much as ten per cent. smaller than through a single one. 
By other experiInents one can demonstrate that, by changing the 
shape and volume of the same suhstance, great changes of h(>at-Io
s 
can Le produced, although the substance and its weight remain the 
same. If you cover the tin cylinder, I>reviously fined with warm 
water, with common wadding, and observe the falling of the im- 
mersea thermometer, you will be astonished to see how rapidly the 
t:'111 goes on, as soon as you compress the wadding firmly and diminish 
its volume: the outward flow of the heat increases by forty per cent. 
The same, you know, is the case, when a wadded garment is worn ont; 
the quantity of the wadding is the same, hnt its volume and its ela
- 
ticity haye undergone a change, and you will find it considerahly less 
protecting. 
This ohservation leads to another instructive experiment, relating 
to the influence of douhle layers of material. If the first layer only 
is tightly drawn over the warm cylindpr, and a free space of one-third 
to one-half an inch between it and the second, whirh may he comrareå 
to a comfortahly-fitting garment, the f'('cond layer yery considerahly 
lessens the outward flow of the heat. The amount dne to conduction 
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being deducted, the impediment by the second layer is about the 

ame for different materials, but very considerable for each of them: 
For Linen. . . .. . . .. . . .. . . .. . . .' . . .. . . . . . . . . . . . . .. . . .. . . .. . . .. 32 % 
" Shirting................................................. 33" 
" Silk.......... . . . .. . . .. ; . .. . . . . . . .. . . . . . . . . . . . . . . ., . . . . .. 32" 
" .Flan n el. . . .. . . .. . . . . . . .. ................... . . . .. . _ . . . . .. 29" 
., \V ash-leather. . . .. . . . . . . . . . . . . . . . . . . .. . . ., . . . . . . .. . . . . . . .. 30 " 
" Gutta-pet'cha sheeting.. . . . . . . .. . . .. . . .. . . . . . . . . . . . . . . . . . . . _ 36" 


From this follows the practical truth, that we can produce a very 
diflerent eflect on our body by the same numùer of clothes, according 
to the tightness and looseness in the make. Just call to mind tight 
shoes anù gloves in winter-time! 
This fact leaù::; to a series of other facts, which contain the explana- 
tión why wadding, as long as it is loose and eht8tic, keeps you warmer 
t.han when it is once flattened. TlJÏs is the air contained within the 
clothes. 
One gl>nerally considers clothing as an apparatus for keeping the 
air from us. This conception is utterly erroneous; quite the reverse, 
we can bcar no garments which do not allow of a continual ventilation 
of our surface. Just those textures which are most permeahle to the 
air kecp us warmest. I have examined different materials for their 
p
rllleahility to air, which can be easily ascertained. One closes a 
series of perfectly equal glass tubes with different textures, and où- 
serves how much air passes through the clothing substances at the 
same pressure durilJg the same time. Taking the quantity of air pass- 
ing tlU"ough flannel as 100- 
Linen allowed. . . . . .. . . .. . . .. . . . . . . . . .. . . .. . . .. . . ., . . .. . .. 58 
f'ilk ". . . . . '. . . .. . . ., . . . . . . .. . . . . . . . . . . . . . . . . . . . .. 40 
Bue kskin" .. . . . . . . . .,. . . . . ... ..... . . . . . . . . . .. . . .. . .. 5
 
I\.id ". . . . . .. . . .. . . . . . . . . .. .................... _ . 1 
Chamois " . . . . . .. . . . . . . .. . . .. . . .. . . . . . . .. . . .. . . .. . . . .. 51 parts of air 


to pa!'s through them. 
If our clothing kept us warm in proportion to its power of exclud- 
inO" the air from our bod y kid would kee p us a hundred times, and 
o , . 
chamois warlner by one-ll:1lf than flannel, and so on, while everyone 
knows by experience that it is quite the rever8e. 
If there are several layers of the SallIe material, ventilation loses 
hut yery little at the second layer, because the velocity of the air in 
its } JassaO"e throuCth the first la y er remains about the same on its fur- 

 0 
ther P roO"reRs the foHowino- la\rers beinO" like a continuation of the 
o -, 0 J :-"I 
preceding ones, as if they were tubes of the f.a1nc calibre, retarding 
the original velocity of a fluid by the amount only of uu;voidable 
friction. 
Thus, a current of air travels incessantly through our clothing. 
Its force, as in ventilation generally, df'pends on the size of the open- 
ings, the difference between the outsitle and inside temperature, and 
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the velocity of the surrounding air. 'Ye need not l)e anxious to make 
our clothes prevent the access of air to our skin; they have only to 
regulate anù moderate it to such a deg-ree that our nerves may not 
feel the air as something in motion. This degree is far from immo- 
bility. When in the open air we believe it to he quite calm, there is 
still a velocity in it of at least one foot and a half per second, or about 
one mile per hour, as you heard before. 
Our clothing not only renders the air still around u
, but it also 
regulates its temperature by tbe heat which leaves our body; we 
heat our garments, and they continually heat the air passing through 
the meshes and pores of the texture. "r e may compare our clothing 
to a calorifer or stove, warmed by the heat emanating from our body's 
engine for the purpose of warming the air round our surface. 
We do not feel the loss of heat which our clothing undergoes as 
we should if the air were to strike our surface without having been 
previously prepared by our dress; the differences of tcmperature bal- 
ance themselves within the material we are clothed in, and of which 
the cnds of our cutaneous nerves form no part. Inside our dress we 
carry the air of the South wherever we may be. Its temperature 
averages about 75 0 to 94 0 Fahr. 'Ve live in onr dress like an unclothed 
tribe in a paradisian country, where the air is constantly calm and 
the temperature 75 0 to 94 0 . It will be easily understood now why 
rough, loose textures keep us so warm, while newly-carded cotton- 
wool does so more than when old and compressed; why tissues of fine 
fibrcs and threads make the best materiaL Fur, of which you know 
so well th
 properties, consists of hair and skin. Chemically speak- 
ing, there is not nllwh difference be
ween skin and hair. In fur the 
weight or body of the skin is llluch greater than that of the hair, and 
still it is essentiaUy the light hair to which the fur owes its wal'ruing 
properties. 
There are SOllie interesting experiments on this point. I{rieger 
observed the flow of heat a[t(-'r covering his cylinders with unshorn 
and shorn fur. Putting down the loss of heat through the entire fur 
as 100, he founel that it rose to 190 when the same viece of fur was 
used shorn. A dried skin, you know, is always somewhat porons. 
'Vhen he altered this by giving it a coat of linReen-oil varnish, the 
loss of heat rose to 258; and, when he took a solution of gunl-arahic 
instead, it rose even to 296. 
It has been proved that tile living organism, in parting with its 
heat by ra(1iatioll and conduction, hehaves just like a tin cylinder filled 
with warm water. It is a yet older observation that furred animal:,:, 
such as dogs, rabbits, etc., cannot live when tlley are shorn and their 
skin varnishe(l or oiled. One used to explain their death by the sup- 
pression of the evaporation frolll their skin, but it can be proved that 
even ill a comfortably-warm room these animals literally freeze to 
death. I{rieger shearctl a r:lhlÜt, after having notetl its temperature 
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ana frequcncy of rcspiration; they were 102 0 and 100 per minute. 
lIe did not use any varnish, to avoid any possible suppression of 
evaporation fronl the skin, but enveloped the shorn animal in a wet 
cloth. The temperature of the room being at 66 0 , the animal lost so 
much heat that, after five hours, its interior temperature had fallen to 
75 0 , and its respiration to 50 per minute. 
A fur is so arranged that its fine hair, projecting into the air, in- 
tercepts all the heat, which flows from the surface by radiation and 
cOluluction, and distributcs this heat through the air, which circulates 
between the single hair-cylinders; the finer the fJair of the fm', the 
more of the outgoing heat is taken up by the air, which, howevcr cold 
the tempcrature lllay be, reaches the nern
s of the skin as a warmed 
air. Furrcd anilnals, in winter, when touched superficially, give :t 
very cold sensation; it is only near the skin that tl1eir hair feeJs warm. 
In severe cold, certainly little of our animal heat comes as far as the 
points of the hair, fronl which it would radiate or be conductcd into 
thc air; the current of air in the fur cools the hair flom its point tow- 
anl its roots, and a severer cold penetrates only a little farther into 
the fur, without necessarily reaching the skin of the same. This takes 
place only when the temperatm'e is uncommonly low, and the air in 
violent motion. Travelcrs in high latitudes all agree that extreme de- 
grces of cold can be borne very wcll when the air is calm, but scarce- 
ly so when there is a bri
k wind. 
This tends to show that in very severe cold the outflow of heat, hy 
the s1..in into the :l.ir contained in the fur or within the dres
, takes 
place through one route only-that of conduction; when a fur is 
worn, no heat comes to the surface for radiation, as soon as the points 
of the hair have the temperature of the surrounding air. Evapora- 
tion also sinks to a minimum, because at 68 0 Fahr. under freezing- 
point all fonnation of aqueous nlpor already ceases, and nenrly all 
the heat ill the fur and the dress is employed to heat the arriving air, 
who
e vclo{'ity increases according to the difference of temperature. 
In a well-fnrretl animal tlw changes of temperature in tlJC surround- 
ing air only change, if I may say 80, the latitudes of the cold and 
warm zones in the fur; the place where the temperature of the body 
nnd the :tir equalize each other moves between tbe roots alld points 
of the hair, and for this reason sucb a well-furred animal is not warm- 
cr in summer than in wiuter. Its blood keeps always at the same 
tClnperature, because in summer a great part of its heat leaves at the 
points only of the hair by radiation and conduction, while in winter 
the heat departs already nl'ar the roots of the hair. 
Air-proof fabrics ought to have only a yery limited use. In India- 
rubber or gntta-perch3. textures we feel highly uncomfortable when 
we have to lluc1ergo much exercise, or have to give oft
 more heat than 
usual. They become inconvenient, not because they stop the change 
of air entirdy-which they cannot do in fact, on account of the neces- 
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sary openings in them-but only because they limit the universal ex- 
change of air in the underlying garments. For protection against 
the wet frOln without they are well suited, but they produce another 
wet on our 8kin by impelling evaporation. They may be w:;ed in wet 
weather, when accompanied with cold or wind, but never, though 
wet, when it is warlll or calm. 
Ii
inally, I have to Jraw your attention to the relations which the 
materials of our clothes have to water, by which their functions are 
consiùerablyaltered. They are all hygroscopic; that llle:lnS that they 
condense from the atmosphere a certain alllount of water. This hy- 
groscopic property, very diftèrent in different bodies, increases with 
the decrease in the temperature of the air, so that all of them con- 
<lense nlOre water at freezing-point than at higher temperatures. 
Partly, also, the relative moisture of the air is of some influence, so 
that at 68 0 the hygroscopic body absorbs more water from an air 
nearly saturated than from a less moist air. As yet we do not know 
much about our clothing materials in this respect. I have made some 
preliminary researches, and have found unexpectedly great differences. 
I took two equal pieces of flannel and of linen, as representatives 
of the two most important fabrics made of vegetable and animal 
fibreR, ahd dried them at 212 0 , a temperature at which they lose all 
their hygroscopic water. I put them into well-closed boxes of known 
weight, and noted the weight of the two together. They were then 
exposed to the air in places of difterent temperature, and from time 
to time put back into the tin boxes, and the weights taken again. 
By this method it was not difficult to ascertain the reJati\'e quantities 
of hygroscopic water which the flannel and the linen had ahsorhec1. 
These quantities are tabulated below, as they resulted from different 
localities, temperatures, and lengths of time, the weight of the linen 
and flannel being 1,000 grammes each: 
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I 
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1 
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16 
17 
18 


LOCALITY. 


Cellar. 
LectUl'c-room. 
Room. 
L:lboratorv. 
Cellar. . 
Lecture-room. 
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" 


Room. 
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I' 
" 
" 
" 
" 
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I I . HYGROSCOPIC 
TEMPERATURE. TIME. ___ WAT
 
_N__ 
Linen. I Flannel. 
;7.:)8" Fahr' I '- 12 hou 
 -77 1 m- 
34.16 74 143 
64.25 " 41 7:5 
53.96 I r.:) III:} 
I 39.92 I " 111 17:5 
I 40.1 I 4 hours. 03 1 GO 
" 40.1 3 91 U8 
, 41.9 15 'I 8:> 1-16 
(j!:J.8 10 minutes. 73 1l
 
69.8 "" 52 !}6 
70.7 ".1 45 87 
';0.7 I." 4-3 82 
6
9 15 42 78 
68 ",12 '77 
64.2:> 30 4-1 '75 
62.û 1 hour. 48 '7û 
61.7 2 hours. 4;) '77 
59 9 46 78 
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'Yhat Ino
t strikes one is the invariably greater hygroscopic 
power of wool than of linen; the maxima and mininu1. of fl:innel and 
linen being respectively 175 and 111, 75 and 41. 
Observations 5 to 8 show that linen changes the quantity of its hy- 
groscopic water at a prolJortionately quicker rate than flannel. The 
two I)Ìeces were for twelve hours in the cellar, when linen absorbed 
Ill, flannel 175; immediately after, for four hours, in a cold place, 
where linen lost 18 per 1,000 of its absolutely smaller amount of 
water, while the flanuel lost only 15 per 1,000; but during the next 
three hours linen 10:::;t only 2, but flannel 12 per 1,000. 
'Vhen (Obss. 9 to 15) the pieces had come from the cold 1ecture- 
room into a warmed room, linen again ceased giving oft' water at a 
- much quicker rate than flannel. 
The accelerated rate, only in an opposite direction, took place 
again (Obss. 15 to 18) when the temperature in the room sunk from 
65 0 to 59 0 . 
All bodies become more hygroscopic with a sinking temperature, 
but tlte absorption of water and increase of weight, as well as tlle 
contrary process, take placc pro})ortionately quicker with linen than 
with flannel. 
The more the air in any material is di8placed by water, the less it 
keeps us warm, the quicker it conducts the heat; }lence the frequent 
injury resulting from wet clothes, and the striking discomfort pro- 
c1ueecl by a damp cold. You aU know how comfortable we can fpel 
in a walk, when the air is cold and dry, and how differently we feel 
wIlen it is damp, although not colder. Then our clothes also get 
much damper, and conduct more of our heat away. 
This is not to be underrated. We have seen in the table that 
1,000 parts of flannel took up in the cellar 157 parts of water. Take 
the weight of a whole woolen clothing as ten pounds, and you see 
that it may absorb one and a half pound of hygroscopic water, 
whieh requires about 1,680 caloric units from our body to be evap- 
orated. 
Linen and. flannel hear the same rel:Jtion toward water they are 
wetted with as toward their hygroscopic water. Linen is quickly 
wetted and soaked, wool more slowly, bnt linen cannot take up the 
same quantjty. Spilled water has certainly taught you this many 
times, when you wanted to take it up. It is the 831lJ.e in eyal)oration, 
whieh is also much quicker fronl linen. Two equal pieces of linen 
and flannel weicrhinO" each] 000 g rammes , P ut into water and wrung 
. , 0 ð , 
out till they no longer yield a t1rop of water, keep back respectively 
740 anil 913 per 1,000. 
But a much OTcater difference exists in the intensity of cvapora- 
:-. 
tion from wet linen and from wet flannel, during equal perioò
, in a 
heated room. 
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OBSERVATIONS, TEMPERATURE. 


MINUTES. 


WATER TO 1,000 GRAMMES OF 


- - 
Linen. Flannel. 
1 70 0 Fahr. 740 9)
 
2 68 I:> 521 701 
3 fi8 30 38U 1)113 
4 67 30 2
9 457 
5 1)6 30 99 309 
fJ li6 30 55 194 
-- -- 


It is easy to see from this taùle how llluch quicker linen works 
than wool in every direction. 
During the first 75 minutes there evaporated from 1,000 parts of 
linen 511, ii'om 1,000 parts of flannel 456 water; afterward the re- 
verse took place: in the following 30 minutes 130 evaporated from 
linen, 148 from flannel, and in the last 30 minutes only 44 per 1,000 
frOln linen, hut 115 from flannel. 
It is also evident how much more eyenly the drying proceeds in 
wool: in the first 15 of the whole 135 minutes 219 evaporated from 
linen, in the last 15 minutes 28 per 1,000, while with wool it was re- 
spectively 212 and 97 per 1,000. I must not forget to mention that 
.all these experiments were made with picces of nearly equal size and 
shape. 
It is self-evident that all textures lose their permeability to the 
air in proportion to their state of humidity, the water partly at least 
obstructing the pores. Coarser stuflf- with larger pores will keep 
their permeability longer; if the pores are equal, the difference in the 
.a,dhe
Üon of the water to the substances win come into l)lay. Linen, 
eotton, and silk are very diffl'rent in this respect from sheep's-woo1. 
The former become vcry quickly air-tight by wetting, the latter 
scarcely so, or only after a longer soaking. Soldiers can tell how 
damp and vaporous the air becomes under a wet tent, and how quick- 
ly the tent becomes airy when it begins to dry. 
As the porosity of all fabrics depends chiefly on the elasticity of 
the :fibres of their material, it must be of great importancc how far 
that elasticity keeps under wet and dry. There, again, wool stands 
apart; its fibres do not lose much elasticity when they get wet: it is 
not so with other :fihres. 'Y ét linen and silk arc just like J{:rieger's 
shorn fur, when it was coated. with varnish or gum-arabic. The 
greater facility of catching cold in wet linen or 
ilk than in wet wool 
is in exact proportion to the greater facility with which water expds 
the air contained in their :fibres. :\Iany of you may have learned a 
lesson from a wet linën or cotton and a wet woolen sock. 
On the other hand, there is an advantage in thesp materiah
 if we 
want to keep 0111'sel yes cool and dry. By means of them we part 
with heat and moist.ure from our snrf:1ce much quicker, and hand tht'JI1 
over to other layers for further rémoval. 
To be quite methodical I ought now to treat of the different parts 
,"OL. x.-43 
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of our clothing and of the fitness of different materials for special 
!)urposes. But, to sar the truth, Science has not yet done much in 
this direction. 
There is still one of our garments to be considered which generalìy 
is not regarded as such. I mean the bed-that piece of clothing in 
which we spend such a great part of our time. It is t:quaHy indis- 
pensable to the sick and to the healthy, and at all times it was con- 
sidered as a sign of bitterest want if a mall had no place to lay bis 
head. 
The bed is not only a place of rest, it is especially our sleeping- 
garment, and has often to make up for prh.ations endured during the 
day and the day's work, and to give us ::;trength for to-morrow. 
Yon know all the different substances and materials used for it. 
They are the same as our garments are made from. Like them, the 
bed nlust be airy and warm at the Eame time. 'Ve warm the bed by 
our body just as we warm our cIothes, and the bed warms the aÜ
 
which is continually flowing tlnough it from below upward. The regu
 
lating strata must be more powerful in tht'ir action than in our day, 
clothes, because during rest and sleep the metamorphosis of our tis.. 
sues and resulting heat become less, and because in an horizontal posi
 
tion we lose more heat by an ascending current of air than in aver. 
tical position, where the warm asceuding current is in more complete 
and longer contact with our upright body. 
The warmth of the bed sustains the circulation in our surface to 
a certain degree for the benefit of our internal organs at a time 
when our production of heat is at the lowest ebb. Hence the im.. 
portance of the bed for our heat 
nd blood economy. Several days 
without rest in a bed not only make us sensible of a deficiency in the 
recruiting of our strength, but very often produce quite noticeable 
perturbations in our bodily economy whieJl the bed would have pro- 
tected us from. 
I wi:sb, therefore, to impress upon you tbat your c}1aritable exer- 
tions for the poor may become extended to the bed, that ldnd of gar- 
ment which can make up to a great degree for other lamentable defi- 
ciencies, as in food, dwellings, clothing, toward which you are in the 
habit of directing your efforts. 
I am quite aware that I have anything but exhausted the subject 
of th(' functions of our clothes, but !'till I believe that I Imve directed 
your attention to such essential points as to convince )'ou of the 
import:1nce which a scientific consideration of the :::;u}-Jject possesses 
in the interest of the heat-economy of the human body. 
As our health is so intimately connected with this economy, a 
better insight into the laws and proceedings of the same must in the 
end turn out profitable to health in general. 
Thus we have learned in our last glorious", ar how important it is 
to provide well for the soldiers' clothing, and that a few days' want 
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of provisions is less injurious to the health of the soldier than per- 
turbatious of heat-economy through want of 
uitable pieces of cloth- 
ing. Our clothes are weapons with which civilized man fights against 
the at.mosphere as far as it is inimical, the means by which he subju- 
gates thi8 his clement. It lies in our nature, in our instinct, in our 
self-respect, to have good clothes, which ought to be also pl<'a
ing to 
the eye; but we ought to become more conscious of their l'urpose. 
Ornament must he the minor consideration, alId the tailor ought not 
to hold his scis50rs as a sceptre over the hygienic purposes of all 
dress. 
Our period strives after novelty in all directions, also after new 
f<:)f.ms and styles in Jress, architecture, and so on; but nothiug new 
will be created with our oIrl points of view remaining. New })oints 
of view can only ùe gained by new and increased insight illto the 
functions of the aress and the house. This function must determine 
the form, aud willllot be ascertained without theoretic:.ll study. It 
was not till we had mastered the theory of the overshot and under- 
shot water-wheel that the turbine could be invented. 
The influence of theory on practical development is much greater 
than is usually supposed and conce<1ed. The discovery and settle- 
ment of the laws of mechanics had to precede their applicåtion to 
engines, railways, steamboats, and so on. There would be no àiffi- 
culty in showing why the great inventions of "
att and Stephenson 
were not made at an. earlier period, and that, they were the fruit of 
seeds which were buried ill the theoretical investigations of Coperni- 
cus, ICepler, and New-toll. 
Perhaps our future means for keeping our heat-household will be 
as different in 
tyle and appearance from our present ones as a turbine 
from an old mill-wheel, or a steam-engine from a horse-wheel. 


AUDUnO:N'S LILY REDISCOVERED. 


TIy PROFESSOR SA
H
EL LOCKWOOD. 


D ISCUSSING the varied exhibits maùe of the natural sciences in 
the late Exposition at Philadelphia, Forest and Stream pays a 
high compliment to a collection of water-color painti ngs of "The 
Birds of New Jersey." These paintings are the work of G. B. Hard- 
enbergh, a youth in New Brunswick, who, having heal'd, in the llut- 
gel's College Grammar-School, a course of lectures on birils, by the 
writer of this, became at once an enthus:iast, and, with the spirit 
of a devotee, gave himself up to the study of birds ill their native 
haunts. By wood and stream, in all seasons, the young artist n:1tll- 
ralist watches his subject, learns its habits, gets its attitudes, then 
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shoots it, and, in his study, with a knowledge of all its jJosituræ, lJro- 
duces a portrait that sparkles with active life. The figures are Audu- 
bon-like, of life-size, and everyone is strikingly natural. And the 
trees and plants, too, are so accurate that any botanist can, at a 
glance, 
dentify the species. Each picture has the Flemish peculiarity 
of scrupulous attention to details, being, in its own way, a hit of 
rigidly realistic art. All this commends the work especially to the 
naturalist, and is much in the spirit of the famous Audubon. And, 
joined to the youthfulness of the artist, it was just this realistic truth- 
fulness which made these simple bird-pictlJres of New Jersey so at- 
tractive at the great Centennial show. 
But, can we not see an intimate relation hetween this æstlletical 
outcome of the artist and his own ethical inwardness? All this ten- 
- der care for the details, this high regard for the truthful narration of 
the pictorial story, comes of the scientific conscience. Its processes 
are directed by the l'eligiosity of good, hOI1('st work; and thus form 
is given to what may be called, as its resnJtant, t}le conscientiousness 
of art, 
And yet, strange to say, this charming naturalist and artist, this, 
so to speak, consecrated :-;tudent of Nature in her own hannts, whom 
so long everyone, both at borne ana abroad, lauded for his fidelity to 
Nature, has of late been under a cloud. Yes, the truthfulness of even 
Audubon stands under attaint of both ornithologists and botanists. 
Let us adduce the specifications. 
Our boyish delight still lingers in memory over the reading of 
this wonderful man's account of his first sight of that bird whose 
celebrity, unllappily, has given place of late to an undesirable no- 
toriety. In a burst of enthusiasm, in which the love of Nature and 
of countJ'y mingled, he called it" the bird of 1Vashington," and that 
Science, to the end of time, should do the same, he named it IIaliaëtus 
TláÛ
ingtonU. Thus stands his behest to science in his "Ornitho- 
logical Biography," Y01. i., p. 58 : 
"He first saw it on the Upper :Mississippi, in February, 1814, A few years 
after, lJe met with a pair near the Ohio River, in Kentucky, which had built 
t heir nest on a range of high cliffs, Two years after the discovery of the nest, 
he killed a male, which was the subject of his description, After this IJe saw 
two other pairs near the Ohio River. It seems not to have been seen by any 
other ornithologist. Though this bird is admitted 3S a species on HIe authority 
of Audubon, many ornithologists do not regard it as such; and, from Audubon's 
own testimony, there seems sufficient ground for doubting the validity of tlJe 
species,"-(" American Cyclopædia," revised edition, article "Eagle.") 


In one of tl10se deliglltful "Letters on Ornithology," by Dr. Coues, 
now appearing in the Chicago Field (Letter IX., on the" Hawks "), 
occur these words: 
"WlJile we have gray eagles, and black eagles, and eagles without stint, my 
word for it, reaùer, t}Jis eagle business is about done to death, Let me beg you 
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not to publish the next eagle you kill. Eagle-stories are almost always' fishy.' 
As to the numher of different kinds of eagles in this country, bdieve me when I 
assure you that there n
ver have been but t'U)O species di
covered in all the length 
and br
adth of this country. That famous' bird of .Washington ' was a myth. 
Ejther Audubon was mistaken, or else, as some do not hesitate to affirm roundly, 
he lied ahout it. The two species are, the golden 
agle (Aquila clil'ysaètos), am} 
the bald eagle (llaliaëtus lellcoceplwllls). 
This, surely, is somewhat terrific, and would indicate, ill tbi
 in- 
stance, that truthfulness, the bright particular flower in a man's char- 
acter, was badly wilted. As Patrick would say, "it does'u't become 
the loikes of us to talk Lack; and maybe it cowes U8, just, to be foun(l 
in disagramint with the great bird-doctor, who is pos
issed of the 
aridition of all the fowh; that iver was, sure." :-:';0 we willllot openly 
differ with this accomplished man; and will even, like a devout 310s- 
lem, leave Audubon to those stern ladies known as the Fates, and 
thus will ha
ten to another instance in which, pCl'hap
, even a lady may 
come to the rescue of the reputation of this remarkable naturalist. 
If po

ible, _\udubon has suftered worse at the hands of the bota- 
nists. From these O'entlemen the famous student of the woods and 
o 
fields has received a snub of the shabby-genteel sort, and of the most 
persistent character. In his" Birds of the South," and with his usual 
love of fidelity to particulars, as indicating the plant habitat, or sur- 
rounding, Audubon figured a yellow water-lily-not that very onli. 
nary flower, the Nllplwr advena, the sp
tter-aock, or yellow pond-lily, 
so common ii.om Canada to Florida, but a real close cou
in to 
ÃTymphæa odm'ata, our delightful, sweet-scentefl water-lily. Be- 
holding it with his own eyes, the great painter put it into one of his 
glorious bird-pictures, and, "'having given the IJortrait of his floral 
beauty, he also named it J!v--r-!Jmpltæa lutea, or, in plain English, the 
yellow water-lily. Rut this pretty flower had never been seen by the 
botanists; :mtl so, forsooth, the thing was absolutely ignored-treate(l 
aR a prptty fable, a bit of art extravagance. _\rt, like history, may 
have its anachronisms, but the real artist, though he err, cannot 
lie. So thoroughly was that .1'Tymplw:.a llttea !mubhC'd, that it woul<l 
have heen a
 much as a poor mortal's r('putation was worth to have 
mentiOI)eÙ credence in the thing in the lwaring of sober Science. One 
111Ïght look in vain in any botany of the 
out h for Audubon's yellow 
water-lily. Not a word can you :find in Darbey's "Botany of the 
Southern 'State.s;" and the same ominous silence pervades that later 
ana more pretentious work, Chapman's" Flora of the Southern State
." 
This luckless lily of Audubon is scientifically tabooed. Luckle
s, 
was it said: 'V ell, this abjured beauty of the good Ulan has fallen 
into luck at last. 'Vhen neither sought nor expected, a species of 
poetic justice has lately been reached; for, in the person of a lally, 
learned in such lore, we have" a Daniel come to jlulgment." Lflst 
summer, in Florida, )Irs. 
Iary Treat rediscoverell the long-lost flower 
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of Audubon. Yes, there it was hlooming in those semi-tropical waters, 
and, from its golden chalice, this excellent lady drank the exquisite 
pleasure of a scientific discovery, and, sweet('r still, the privilege that 
she could bid pass away that cloud of incredulity of oyer a genera- 
tion of year:::;. In fact, it was communicated to that Nestor of Ameri- 
can botanists, Prof. Gray, and was duly ackn01vlt'dged. It was truly 
the long-ignored .l
rympltæa lutea-Audubon's yellow water-lily. And, 
Inore than this, this deported beauty, through our modern Portia's 
zeal, is to be introduced to the best botanic circles of the world. 1\lr8. 
Treat has proyided a liberal stock for the botanic garden at IIarvarcl ; 
and the curator, Prof. Sargent, is ghTing them careful and skilled cult- 
ure, and is also supplying the gardens of Europe with specimens. 
Anlong the botanists, then, Audubon and his Leautiful ,vater-lily to- 
day stand quoted above })ar. 'Vhether the" bird of 'Vashington " 
is to reappear, and set this early ornithologist right with the modern 
bird-men, perhaps nlay hardly admit of a hop('. That Audubon, like 
Wilson and the rest, did sOlnetimes err in the diagnosis of Lis species, 
was easily possible; that he could lie, we think, was impossible. 
1\lnch work of these earlic!" students has had to be done over again, 
and, as Dr. Coues has shown, this is emphatically true of the Falconidæ, 
or diurnal birds of prey. ,r ery raùical undoing has been Hceded of the 
work done on the eagle
. Lately, we had at 0111' yery doors not less 
than three notable eagles-the black cagle, thc gray eagle, and the bald 
eagle. But more thorough and skillful work has eliminated two out 
of these three species by showing that the black was the young, the 
gray the middle-aged, and the bald the lnature, or adult stage, all 
of one and the same species, namely, the Haliaëtus leucocepltalus-the 
bald eagle. 1Ye would like to see some condonement for the long 
ignoring of that Southern lily. If it were scientifically orthodox to 
rechristen that rediscovered flower, we would have its history crystal- 
lized in a new specific name, Nynlpltæa Audubonii, which, after so 
long incredulity, would be doing the bonny thing; alld thus the yel- 
low water-lily would dot, with golden memories of the gentle enthu- 
siast, Audubon, the waters of the river of time. 


- .. .. 


TIlE PLANT-EATERS OF KORTH AJ\IERICA. 


By PROFESSOR SANBORN TEN:KEY. 


T HERE may, perhaps, 1)(> a question in tl1e minds of some, or even 
of many, as to what animals are absolutely the most useful to 
man; but there ('an he no question that those which furni
h him with 
milk and flm
h for food, wool and leather for clothing, and whieh bear 
his burdens and draw hig loads, have v('ry high claims to this rnnk. 
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The deer, the antelopes, the sheep and goats, and the oxen, arc 
indeed very intimately connected with our comforts, and e,'en with 
our luxuries. And the North American representatives of these 
useful animals deserve our cal'eful attention and consideration; for 
they are more intimately connected with our welfare as a nation 
than we yet fully appreciate or even understand. As all of our 
domestic sheep ana cattle have come from wild species, so in the 
future we are to draw from the same sources some of the most 
valuable grazing animals that are to stock the pastures and farm- 
yarùs of the great farming-regions of this vast country. And we 
have several kinds of these animals now wild on the })lains antl in the 
forests that ought to be added to our domef'tic flocks and herds; and 
intelligent legislation should at once be inaugurated to secure this 
result, which is intimately connected with the welfare of every person 
on this continent. 
Of deer there arc in North America perhaps eight species: the 
black-tailed deer of the Pacific coast; the mule-deer, and the white- 
tailed deer, of the Upper l\1issouri region and westward; the common 
deer of the United States east of the 1\Iissouri; the wapiti of the 
northern and northwestern portions of the United States; one or two 
.species of reindeer; and the moose of the northern portion of the con- 
tinent. 
The moose (Alee .Ameriean1.lS, Fig. 1) is the largest member of 
the deer family, equaling a good-sized horse in bulk, and having very 
long legs; and the male has very long and broad antlers, which in 
Rome instances weigh as much as seventy pounds or more. Its muzzle 
is exceedingly large and long, its ears long and hairy, its neck short 
and thick, and the latter and the shoulders covered by a mane, and the 
throat witb long hair. The general color is a grayish brown, and the 
Ilair is very coarse and brittle. In its movements the moose appears 
quite awkward, but it is able to make very great speed, striding along 
without apparent effort over fallen trees, fences, and other obstruc- 
tions, which would be serious obstacles in the war of most, if not all, 
of our domestic animals. The moose is still common in the unset- 
tled parts of 1\I:linc and Northern New Y 01'1, and thence northward 
toward the frozen regions. In the wintf'}, it keeps mainly on the 
wooded hill-sides; and at this time m
ll1Y of them stay in what the 
hunters term" yanl:,." Thesf' are large traets of ground over which 
the snow has heen trodden hard by the moose, the lighter and un- 
trodden snow forming a wall around the yard. There are generally 
in each of the:;:e yards one male and one femal('
 and one or two 
fawns. They feed upon the bushes and. the saplings that may be 
growing in the yard, and even l)eel off and eat all the bark from 
tbe hanl-wood trecs up a
 high as they can reach. They are espe- 
cially fond of the birch, the moose-wood, and the poplar. 
In the summer the moose frequents la1.es and rivers. IIere, by 
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going into the water, it escapes the attacks of the troublesome flies,. 
and avoids injuring its antlers, which at. this time are growing, and 
are very tender. 
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FIG. t.-THE MOOSE (Alee .Americanu-F). 


The antlers are the most curious things, perhaps, in the structure 
of these animals. As already stated, they are found only on the 
males. They are shed annually, ill the month of Decenlber; in some 
cases, however, they aloe carried till the following 1\larch. The first 
year the antlers are merely short. knobs; the second yeal' they are 
four or five inches long, with a single point; the third year about 
nine inches long; the fourth year they become broad with a brow- 
antler and several points, and about the fifth year they reach their 
maximum size. It is a matter of wonder that the enormous horns of 
these animals grow in about two months! They begin to appear 
about tIle latter part of 
Iarch, or early in April, and in June or July 
they are full-grown for the season. 'Vhile growing, they are invested 
with a skin which is covered with a sort of velvet-like pile; and this 
skin is nourished by a system of blood-vessels. 'Vhell tht,y have 
attained their full growth for the season, the skin peels off, and leaves 
the antlers at :first perfectly white, but e
posure soon turns thcln 
brown. 
The female produces her young in l\Iay; at the :first birth there is. 
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only one fawn, but afterward two, and it is believed by the hunters 
that these twins are always one male and one female. TLe moose is 
hunted at the yards, and also pursued with dogs until it is fatigued 
and overtaken; and it is al80 shot on the lake-:::;hores and river-mar- 
gins, in the early autumn, by moonlight. The flèbh of the moo:se, 
though rather coarse, is highly prized as food by many, and is a very 
good suhstitute for beef. The nose and the tongue are regarded as 
great delicacies. The marrow from the shank-bones is used ùy the 
hunters to spread upon their bread and eaten as ùutter. 
It may be stated here that our Illoose is so nearly like the great 
elk of the northern part of Europe, that there is still perhap
 a 
question whether the two are of one species. .A fos
il elk has been 
found in the marl beneath the peat-bogs of Ireland, which is of an 
entirely different species from any now living. This fossil elk was 
ten feet high to the top of the horns, whose til)S are ten feet apart! 
People generally tI1Íllk of the reindeer only as an inhahitant of 
the cold portions of Europe. ßut North America has at least one 
speeies of reindeer, although it is more generally called caribou. The 
woodlau(l caribou, or rein(leer (Rangifer caribou), of New Bruns- 
wick, l\Iaine, anJ westward to Lake Superior, is thought by some to 
be identical with the reindeer of Lapland. The barren-ground cari- 
bou, or reindeer (R. Groenlandicus), is found in the arctic regions 
beyond the limits of trees, and may be only a variety of the former. 
Unlike the other deer, the reindeer have the horns prpfo'ent on both 
sexes. The horns are palmated only at the tip, ùut, like tho
e of 
all other deer, are shed and renewed periodically. The history of the 
reindeer of Lapland is well known, and from that history we learn 
how useful our own species may yet be made. ...\8 is well known, the 
Laplanders have large herds of these animals, and use them for 
beasts of burden and for draught, their milk aua flesh for fooa, their 
skins for clothing and for covering their sledgef'. The reindeer is a 
very hardy animal, and ùraws the sledge of its owner with great 
speed. In one of the palaces in Sweden there is a picture of one of 
these animals, which is preserved with great care, from the fact that 
the animal from which it was painted drew the sledge of an officer, 
with important dispatches, the distånce of eight hundred miles in 
fort.y-eight hours! 
The caribou or ..American reindeer (Fig. 2) is considerably larger 
than the common deer, now so often seen in our parks. Its color is 
deep brown in sumnler and grayish in winter. In the winter this 
animal stays in the swamps, much of the time, and feed
 mainly on 
the mosses and lichens that hang from the trees and 1mshes, but in 
early spring it retires to the hill-sides and feeds upon the buds anù 
twigs. Like its European relation, it is \"('fY flect of foot, trotting, or 
galloping, or leaping, with the greatest ease; and it is also capahle 
of great endurance. For more than a week hunters have followed a 
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.caribou before they could get near enough to shoot it. When attacked 
by dogs it stands :1t bay, and then falls an easy yictim to the hunters. 
In the regions far to the north, where the caribou is I)lentiful, these 
animals nlove in herds from ten to a hunòred or more. \\Then in good 
condition the male caribou has a layer of fat on the back and rump 
two or three inches in thickness. The flesh is an excellent article of 
food, being tender and of good flavor. The skin when properly 
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FIG. 2.-TuE AMEmCAN REINDEER, OR CARIBOU (It'angifer caribou). 
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drC'ssed forms 01](> of the bC'st articles for clothing to be worn in tIle 
cold regions. A suit made of tIle dressed skins of the caribou is so 
warm that it is said that the person wearing one of these suits and 
also provided with a blanket of the same material, may bivouac on the 
snow not only with safety but with conlfort even in the intense cold 
of an arctic winter's 11Ïght. 
The common deer of Eastern North America, generally known as 
the ,\7'ìrginia deer (Cervus rirginian'lls, Fig. 3), is one of the most 
graceful and one of the most beautiful of aU the deer family. It is 
now so common in parks that almost everyone is familiar wid) it as 
it appears in this state of semi-domestication.. But no one gets the 
best idea of this splendid animal who floes not see it as it appears in 
the wild state, cit]ler in the forest or on tl)e plains. IIere when star- 
tled it bounds away with the most incredible velocity, and }1e who 
would bring it down must have a quick hand and steady nerve. This 
deer attains a weight of about two hundred pounds. The color is 
light hrown in sumlner and grayish in winter, tIw under part of the 
throat and tail being always white. The food of this animal iR exceed- 
ingly various. The tender grasses constitute its fJl.incipal food in 
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summer, except in those région
, as in many })artR of the 
outh, where 
the deer can gain access to the fields of young wheat, oats, or other 
grain. In the early autumn it add::; berries of various sorts to its bill 
of fare, ana later still nuts and acorll
; and in wint('r it feeds upon 
almost all kinds of buds and tender twigs, as well as upon various 
kinds of the more hardy herbs. The males are ill excellent condition 
from August to N ovem bel', and the females from N ovem bel' to J anu- 
ary. The antlers are fully grown in July or August, and remain till 
the next January, when they are ::;hed. The males engage in severe 
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FIG. B.-TIlE VIRGINIA DEER (Cercus Virginianus). 


contests with one another, and in some of these contests they get their 
horns or antlers interlocked, so that they cannot 
eparate them, and 
the combatants at length perish from starvation and exhaustion. In 
some cases the antlers are interlocked ::-0 firmly that even a strong 
man cannot separate them, and Audubon mentions one case where 
three pairs of antl('rs were thus united. The flesh of this deer, as is 
wen known, is tender and juicy, an(l has an excellent flavor. This 
fact, and the lo\'e of the excitement of the chase, have caused this ani- 
mal to be extensively huntcd. At the samc time our forests have been 
di
appcaring, thus afforùing t}wm less protection, so that the numbers 
of the common deer are far less than twenty-fiye ycars ago. It will 
require rigid legislation to kcep thcRe animals from entirely disal)- 
pearing from many parts of our country where a lleer-hunt is still pos- 
sible. 
N ext to the moose, the wapiti or American elk (Ge'ì'vus Canaden- 
sis) is the largest deer in North America. It is Tl('arly as large as a 
horse, and its horns arc the most magnificeI\t to he found in the whole 
deer family, being five or six feet. long and much hranched. In some 
cases antlers of this species have been secured which were so long 
that when st
nding on their tips a man could walk upright through 
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the arch thus formed. Although this deer still lingers in the lnoun- 
tainous regions of Pennsylyania, and perhaps in a few other places 
in the eastern part of our country, it is confined mainly to the western 
and northwestern portions of North America, and south of tbe fifty- 
seventh parallel of latitude. In some cases it is found in large herds, 
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FIG. 4.-THE ELK, OR WAPITI (CeM.1US Canadt::nBis). 


all the members of which follow one of the ulales which is their leader, 
and whose movements they 1110re or less closely imitate. The color 
of the wapiti is grayish in winter, and chestnut-red in summer. This 
deer is the analogue of the stag or reel deer (C. clcpllCts) of Europe, 
and was formerly regarded as identical with the latter; but it is a 
very much larger animal than its Enrol)ean relation, and is in every 
1vay a distinct species. 
The antelopes differ from all the deer in having their horns l)er- 
manent and hollow, and, like a sheath, covering a conical process of 
the frontal hone. In this respect the antelopes are like sheep, goats, 
and oxen. The antelopes have the horns round, curyed, ringed, or 
wrinkled, and always black. 'There are many species of antelopes, no 
less than ninety having been descrihed. Of these, two are found in 
North America, two in Europe, and all the rest in Asia and Africa. 
Our most interesting species of antelope is the prong-horn (Antilo- 
capra A11uricana, Fig. 5) of the western portions of North America. 
It is about the size of the Virginia deer, and is covered with coarse, 
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thick hair. Its color above is yelJowish-brown; the rump and under 
l)arts white; the horns, hoofs, and the nakeù part of the nose, black. 
The white hair covering the I.ump is vcry long, and seems to be under 
the perfect control of the animal, and is at once made to stand erect 
when he is in tho least excited; and it is wonderful to see this }mtcb 
of hair rise and faIl with his varying emotion
. Aùout half-way up 
the hornCõ) of the adult there is a branch or prong, an(l fi.om this fact 
the animal gets its popular name. 
The prong-horn is often seen alone, more frequently perhaps there 
are several together, and in some cases herds of one or two hundl"('d 
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FIG. 5.-TIIE PRONG-HORN AXTELOPE (Antilocapra ArrMricana). 


are 
een. It is not an unconlmon thing for the traveler on the Pacific 
Railway to see several of t11Cse beautiful animals while }]e is crossing 
the Plains. One has heen seen to run along for a mile or two paraHel 
with tIle moving train, as if determined to keep up with it. Ib speed 
is very great, and is only equaled by that of the fleetest of the deer; 
and henc'e it is almost useless to pursue it. It iH not, hO\H'yer, diffi- 
cult to secure these animals. They have great ('urio
ity in regard to 
any objectj which they are not accustomed to. The hunters well 
know this fact, and turn it to their own aùvantage. ""T"hen the e'\:- 
l)crienced hunter sees a prong-horn, or a herd of 
them, he does not 
])lusue them, but keeps his ground, or little by little ad\':1nc
1:.' very 
slowly. The antelope soon m]yances a little tow:1rd him. The IlUnter 
waves his handkerchief, or a rag; the animal approaches still nearer 
and nearer; and in this manner he is soon within easy range of the 
hunter's riflp. It is sta.ted that the Indians haye the habit of lying 
flat upon th
ir backs, and kicking up t])eil. heels with a rag or some- 
thing thstened to tJJenl; and that ùy this pro('e

 they entice the 
prong-horn to within such a. ùistance that they kill it with their how 
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and arrow. The flesh of the prong-horn in autumn, when it is in the 
best condition, is good food, especially if the animal be young. 
In l\Iay and 
Tulle the prong-horn brings forth two fawns, which 
are of a dun-color, and not spotted like tbe fawns of the deer. For 
these the mothcr displays great affection, and defends them with vigor 
against the attacks of enemies. She is sometimes able to beat off 
even the wolf; but not always, and hence many of these little creatures 
are annually destroyed by this hungry animal. The lu'ong-horn, when 
taken young, is ea::;ily tamed. The writer has seen a tame one. It 
was thoroughly domesticated, and, whatever its wanderings during the 
day, it returned to the farm-house at night, It allowed itself to be 
freely handled, even by strangers. It followcd the children as they 
went to schoo], and then returned to its home again, alone; all show- 
_ ing how easily it can be added to the stock of domestic animals of the 
farm. 
Our other species of antelope looks so much ]ike a goat t}mt it has 
been named the mountain-goat (
lploceru8 'fnonta7lU8, Fig. 6). It is 
about the size of the dome::;tic sheep, and has slllal!, round, slightly 
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FIG. 6,-l\IOUNTAIN-GoAT (Aploceru8 montanus), 


recnrved horns, which are ringed at the base, and which are jet-black 
in color and P oliHhed and are much like those of the chamois; the 
, , 
1)Oò y is covered with 10nCf white hair and there is a long pendent 
b' , 
tuft of hair unòer the chin. This antf'Jope lives on the rugged })or- 
tions of the' Rocl.:y 1\fountains, and Feldom descends into tbe plains. 
It, leaps from crag to crag', much after the manner of the chamois of 
the Alps, and in many portions of the mountains is secured with great 
difficulty. The flesh of this species is rather dry, and is not so highly 
prized as that of the of her animals described in this article. It may 
be added here that the hair, or covering of the body, is of two kinds, 
the one being long- and straight, and the other, which forms a thick, 
close under-coat, being a sort of fine silk-like wool. 
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Of sheep there if; only one wild 81'ecies in X orth America, the 
Rocky-
Iountain sheep, or big-horn (Ovis 1nontana, Fig. 7). This 
animal is of a much larger size than the orJinary domestic sheep, and 
its horns are of enormous 
ize. A large animal of this species w('ighs 
about three hundred pound
. In Siberia there is a wild-sheep, called 
the argali, which Cuvier believed to be the same as our big-horn. 
It is certainly very remarkable that there should be only one species 
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FIG. 7,-THE .l\IOLJNTAIN-SIlEEP (OÛs montana). 


of wild-sheep on this continent, and that that one SllOUlù be confined 
to our highest system of moulltain
. The inquiring mind natnrally 
asks, "'Vhence has this sheep come?" nut this question is not easily 
answered. It may, however, be stated here that Cuyier was inclined 
to believe that it came froni Siberia, and crossed Behring's Straits on 
the ice. 
The Rocky-l\fountain sheep lives in flocks, and is e}..ceedingly wild, 
especially in regions that have been frequctltC'll hy the In1lltcrs; and 
he who would get a shot at one of these animals has often to make 
wiùe détow's, and always to proceed with the greatest cantion. The 
flesh of this animal is very highly prize<1, bcing l'f'gardccl by some as 
even better than venison, or .ordinary mutton. The Jmntt'rs tt.ll re- 
markable 
tories of the big-horn. They aS8l'rt that this animal will 
leap somctimes from high precipices, head foremost, and, striking- 
upon the tips of its enormous horns, bouwl away 011 its coursc as if 
nothing h:1(l happened! 
Characteristics belonging to llifferent kinds of animals are some- 
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times combined in one and the same animal. The musk-ox (Fig. 
8) furnishes us with an example of this sort. This animal is in some 
respects so much like a sheep, and in others so much like an ox, 
that naturalists have n:uned its genus Ovibos, the first l)art of the 
word meaning sheep, and the latter part meaning ox. The musk-ox 
(Ovibos 'flwschatu.s) inhabits the barren ground of North America, 
:1nd is about the size of a two-years-old heifer. Its horns are close 
together on the top of the head, "hence they curve outward, down- 
ward, and thence upward. The body is covered with long pendent 
hair, ancl the color is brownish-black. This hair or wool might be 
lllade very serviceable in the manufacture of useful fabrics, if it could 
be obtained in sufficient quantity. The musk-ox lives mostly in herds 
-of a score or more, and, contrary to what we would naturally suppose, 
it runs with great spped, and climbs rocky hills with facility. The 
flesh of the young animals is very good, hut that of tll(' old('r ones is 
too strongly impregnated with musk to he palatable to white men, 
although the Indians and Esquimaux may not seriously 01dect to it. 
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FIG. ::I.-TilE l\h:-sK-Ox (O
'iÒ08 'lnoscltatus). 


It is much to be regretted that the musk-ox is so rarely preserved 
in our museums. It is exceeòing difficult to secure a specimen, as 
almost everyone which is killed by the natives is imnlediately de- 
voureil by them. The food of this animal consists of grasses in the 
summer and lichens in the winter, the latter heing obtained by scrap- 
ing the snow from the ground. On this food they keep in remarkably 
good condition. It may be added here that only one species of musk- 
ox is now living; although their fossil remains show us that in the 
past there have been other species of this animal, and in other parts 
-of the world than America. 
It is interpsting to see how the same idea under specifically dif- 
ferent forms is representC'd in the animal kingd01ll in the different por- 
tions of the earth. 'Take the idea which finds its expression in the ox, 
for example. In the southern })art of 
\.frica we :find the ox in the 
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form of the Cape buffalo, a very ferocious animal, with horns su wide> 
that they nearly cover the forehead; in India, the arni, whose enor- 
mons horns are ten feet apart from tip to tip; ill the forests of Lithu- 
ania and of the Caucasus, the aurochR, all ox related more or less 
closcly to our wild species; in Tartary, the grunting cow or yak, 
which is smaller than an y of the P rec('(1inO" and which 1138 a 10110' 
ö, ö 
mane upon the back, wbose tail llluch r('sembles that of a horse, 
and whose grunting is similar to that of a hog. .And in North 
America we find the ...\merican buftàlo ( Bos Anwricanus Fief' 1"'1 ) 
, ö. èJ , 
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FIG. 9.-TllIJ: Br:>ON OR BUFFALO (Bos Americanus) 
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the largest quadrupeJ on this continent. This animal once inhab- 
ited nearly all of Korth America, except the cold regions of the 
north; but it is now confined mainly to the great \Vestern plains, 
where, notwithstanding the immense ha \'oC made among their num- 
berR, both by Indians and white men, they still exist in numbers 
that almost defy computation, in some places covering the plains in 
every direction as far as the eye C".1n reach. The hnffi1lo is 3/'3 large as 
a good-sized domestic ox, and has a large head which is carried clo
e 
to the ground, a broad forehead, a broad, fnll chest, a large hump be- 
tween the shoulders, narrow loins, and rather slen.ler leg
. The 
horns are set far apart, are large at the base, and taper sudlienly to a 
sharp point. The buffitlo is covered with a thick coat of hair, that 
npon the head, neck, and shoulders, being vpry long- and shaggy. 
The horns and hoofs are black. Perhaps there is no grander sight to 
he witnessed among the larger animals than to see one of the immeIlbc 
herds of these ::mimals, when under good headway, sweep by--if only 
the observer lws a safe standing-place. 
When the buffitlo is moving rapidly, it progresses Ly an awkward 
canter or gallop, and it requires a g-ood horse and an expert rider to 
keep up with it. The hunting of the buffalo is olle of the most ex- 
citing and at times one of the most dangerous sports, if such it may 
VOL. x.-44 
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lJe called, in which the visitor to the great Western plains can engage. 
Unless shot through the heart or some other yital part, this ani- 
mal is not easily brought down. '''hen the animal is only wounded 
it becomes very furious, and, if its pursuer be on foot, it at once at- 
tacks him, and the hunter has all he can do to save himself from 
destruction. N or is he always safe even if he be mounted, unless he 
can manage to keep out of the way of the .infuriated animal, for he 
ferociously attacks both horse and rider. 
Buffaloes wander much from one region to another in search of 
the best pasturage, and of water, salt, or saline springs. In the 
winter they move southward, and in spring return again to the no;th. 
Their dee}) and well-trodden paths traverse the plains for hundreds 
of miles. Vast num hers are destroyed during their 8pring and au- 
tumnal migrations. l\Iany perish from starvation; those that get weak 
and are left behind, are harassed and at length devoured by wolves. 
Sometimes the vast herds attempt to cross the rivers upon the ic
, 
and, when they are crowded together, the ice gives 1\ay and they 
perish in the cold waters. 
The male buffaloes have terrib1e combats. The young are born 
in April and 1\1ay, an<1 there is generally only one at a birth. The 
young are in constant danger from the wolve
. 
The buffalo is easily domesticated, and should be added to our 
stock of domestic cattle. The flesh of the wild ones is extenshTely 
used for food, and is regarded with much favor; and we already 
know enough to convince 11S that the flavor of their flesh 'would be 
improved when th(,y are fully under the dominion of man. Experi- 
ments show that the nlales make exceJIent oxen, and that they are 
stronger and swifter of foot than the ordinary oxen; and, when we 
consider that it takes tlw milk of two domestic cows to })roperly 
nourish one bnif.'110-calf, we may safely conclude that the females win 
make pxcellent domestic cows. 
The buffalo was once common oyer most of North America west 
of the Hudson Riv('r. In the Carolinas they were found even on the 
seaboard. But, like the red man, they have fled westward, before 
the 
vance of civilization, and are still fleeing. Their natural feed- 
ing-grounds become ('u1tivated fields. Enemies are constantly on 
their track. JUan lnlnts them for t.heir valuable Fkin and for their 
flesh. Vast lrumbers are kiUed yearly that civilized man may feed 
upon their tonguf's.. 'V olyes and bears lurk in ambush to snatch 
away the young, and more openly to wage a con
tant warfare against 
the sick and disabled menlbers of the herd. So that, notwithstanding 
their vast numbers, the rlay is not far distant when the buffalo win be 
as rare a sight on the Plains as the wapiti and the moose are now in 
our K orthern forests. 
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THE SClEXCE VB. TIlE A TIT OF CIIE
IlSTRY. 


By Il
A RE)ISEN. 


T IlE attitude of the world in general toward chemistry is peculiar, 
and, as this paper is intpndcd to show, it is not wlmt it ougllt tu 
be. This is due in turIl to a peculiarity of the science itscH, which 
distinguishcs it from most other sciences. 'Ye refer to its close con- 
nection with matters of every-day experience, anti of practieal impor- 
tance. It is unnecessary to dilate here upon this close connectioll. 
Eyery one who has any conception whateyer of chemistry recognizes 
it to a greater or less extent. But, owing to this close connection, the 
unscientific world has grown into the habit of considering the practi- 
(
al problems as the proùlems par excellence of chemistry; anù, hav- 
ing once recognized some objpct of the science, they inquire no further, 
and hence they fail to recognize its most important and only legiti- 
Inate object. 
In this respect chemistry as well as physics is unfortunate; though 
at the present day physics has an advantage over chemistry: Time 
W:1S wlH'n the world looked npon physics. also as mainly a practical 
science; but, of late, by the efforts of gentlemen of high standing, the 
attention of the people has heen drawn to some of the higher prob- 
lcms of the science, and these have been rendered intensely interest- 
ing to every thinking being. Some of the grander results of physical 
investigation have also become familiar to the world, and have served 
to increase the respect for the science. The great truths of the con- 
servation of energy and the transformations of energy; the applica- 
tion of the spectroscope to the investigation of heavenly as well as 
earthly bodies; the undulatory theory of heat; the nature of sound, 
and the beautiful relations of sounds to each other-thesp are all mat- 
ters with which the world is fast growing familiar; and the popubr 
discussion of these suhjects is doing something, perha})s a great deal, 
to elevatp lnankincl above that condition of superstition and darkness 
which still is the portion of most of the worlil. The great generaliza- 
tions of science are ennobling, and, in the exercise which they afford 
the intellect, are productive of happiness of a very high order. 'Yhat- 
ever good we may recognize, as having been effccted by the praetical 
application of electricity, heat, and other natural agents, to the satis- 
faction of the wants of man-and the good is uIH10ubtedly great-an 
infinitely greater good springs from the dissemination of the immor- 
tal truths of physics! But the latter goon is quietly effect ell ; it con- 
sists in a growth of the ideas of the world, and thus contrilmtes to 
the growth of manhood. We do not always rëcognize it, hut it is 
ever present. 'Vith thé growth of iL1eas concerning the physical uni- 
verse, the iJeas concerning the Creator of the uni,'erse must grow 
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larger, broader, grander, and we must worship with a truer adoration, 
and a feeling of more perfect reverence. 
If we turn again to chemistry, we shall see that while its impor- 
tance is almost universally recognized; while the lll;lmber of those 
who devote themselves to its study is increasing every year; w}1Ïle 
immense sum
 of money are yearly spent for the building and support 
úf palatial laboratories; while the press, recognizing the popular 
appreciation of the science, furnishes, in its own peculiar way, brief 
records of its ad vance-still we can point to very little cOllnected with 
chemistry which, for its elevating influence npon Dlankind, call be com- 
})ared with tbe great physical truths above referred to. That which 
is caught at and served 
lp for the l)ublic is taken fronl the lower })or- 
- tions of the science, while the higher }Jortions pass on, scarcely if eyer 
eoming in contact with the populace. The public knows 'when a llew 
dye is discovered; it knows when the poison has been found in some 
s[,range stomach; it knows wlwn a new milk for babes has been con- 
cocted; it knows when Pl.ecions metals have been detected in the 
depths of the earth; it knows all these things beeam.;e it is })romptJy 
informed in regard to them; and it is right and good thut the iufor- 
111:ltion should be given, and that these things sllOulù 11C known. It 
is plain, howeyer, that a tllpuR:11l11 dyes lnight he discovered; that a 
thousand murderers might be brought to justic<, through the aid of 
the chemist; that yarieti-cs innumerable of milk for babes nlight he 
concocted.; or that mines upon mines of gold might be unearthed with- 
out the slightest ennoblin
 or ele,'ating influence being exerted upon 
the nlass of mankin(l All of these things would be yaluable-un- 
aoubtedly
l>ut their value would be of a very material kind. It is 
('f'rtain that this material yalue is that which is most easily recog- 
nizf'd, which appeals mOBt directly to the public; and hence plainly, 
in the public mind, t}w importance of chemistry is measured Ly the 
stauda1"llR of this value. The reputations of chemists, too, d('pend upon 
the greater or less extent to which they devote themselves to practi- 
cal qne
tions. lIe who is frequently on the st::mù to testify in regard 
to ca!'es of poisoning; he who succeeds in presenting to the world 
some new componnd ,vhieh can be used practically; he who detects 
impnrities in our food or tens us of poisons where their preFence mUFt 
be of importance to us-this man iF, to the public, tile che'lTtist. .Ask 
nÌ:lety
nine men out of a hnnc1rC'd what a chemist is, anr1 they will give 
a definition of one who practises the :1.rt of chemistry, rather than of 
one who is devoted to the sciencf' of chemi
try. 
This statement is true, whether we speak of the mass of mankind, 
or of educated and e\yen professional men. The reputation of the 
sC'Ïence at the P resent tim<, is such that few men ('onceivp of the true 
, , 
science indC'pendently of the art of chemistry. This is true, further, 
not alone in this C'oulltry, hut in Germany, wl1Ïch lllay rightly be called 
the seat of chemistry-with this c1iflèreuC'C', howe,'er: In Germany 
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the true scientific spirit is so deeply imbedded in the educated mind, 
that a suhject which has a practical side is apt to be looked upon in a 
disrespectful manner; and so it happens that those who ought to know 
better are inclined to speak contemptuously of chemistry, simply be- 
cause they accept the popular i<lea of the science as the true one, not 
stopping to ask whether there is anything higher in the suhject than 
that which the public recognizes. Au anecdote which illustrates this 
matter clearly may not be out of place here. Two students at a Gcr- 
Jnan university, one a philologist, the other a chemist, were conversing, 
on the eve of their examination for the degree of doctor of philosophy" 
The philologist asked, "'Vhat is the subject of your thesis?" Tlte 
chemist answered: "Piperic acid; I have been working on the subject 
for a year and a half." 'Vhen it was further stated, in reply to in- 
quiries, that this acid could not, so far as was known, be used for any 
l>ractical pnrpose, the philologist was loud in his expressions of pity 
for one who could work a year and a half without accomplishing some- 
thing which would t
nd directly to improve the material condition of 
onr race. A counter-question in reg
rd to the subject of the thesis of 
the philologist elicited the answer: ")ly subject is an exceedingly in- 
teresting one; I have already written nearly a hundred pages on it 
and have not yet finished: it is the preposition AD in Tacitus." It is 
needless to add that he was unable to state to what practical use the 
preposition ad could be put. The condition of mind toward chemis- 
try which this young man thus betrayed is that which we fihould most 
frequently find in educated as well as uneducated men in this and 
other countries. 'Ye would not throw rit1icule upon the enthusiasm 
displayed-we admire it; but we ask to be allowed to have a similar 
enthusiasm for our preposition::;. . 
We have thus found the chief canse for the idea commonly heJd in 
regard to the nature of chemistry to he that peculiarity of chemistry 
among the science
 which gives it its close connection with praC'tical 
matters. It has already been remarked that it is right that this por- 
tion of chemist.ry should Le recognized and appreciateJ. This recog- 
nition ana appreciation should be encouraged, but not to such all 
extent as to SaCl"
tice any appreciation which it is possible to awaken 
for the higher portions of the science. 
There is another direct cause for the popular conception of C'hemis- 
try, growing out of the more general and indirect cause ålready con- 
Ridered. This consists in bad attempts to In"('sent the truths of the 
science to the people. The popular lectures on chemistry which arc 
usually Jelivered are not scientific lectures; they arc frequently ut- 
terly lacking in everything that characterizes scientific method; ana 
they leave no further impression on the mina
 of the hearers than that 
chemistry is a subject which enables men with the requisite degree 
of skill to become successful showmen. Though the lecturer is per- 
haps more respected, still the character of the respect which he has 
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called forth is akin to that called forth by any clever trickster. It is 
unfortunate that experiments, originally devised for the purpose of 
teaching facts, should have come to be employed simply for the sake 
of their æsthetic effects. There can certainly be no harm in making 
an experiment a thing of beauty, so long as its real object is not by 
this nleans intertered with; indeed, this may be advisable, in order 
lnore strongly to impress upon the minds of the hearers the facts 
which are to be taught, but the tendency is very strong toward the 
condition above described: the science is made to serve the lmrposes 
of showlIlCn, and the rabble shout the Illore, the greater the display. 
Those who serve up this class of lectures arc doing positive harm by 
belittling the science whose name they profane; and they are also 
doing negative harm by failing to make use of the opportunities 
afforded them to draw the minds of men upward to higher concep- 
tiolls, and thus of clevatiug mankind. They nC'ither recognize the 
science nor the art of chemistry, but by their actions teach that it is 
a pastime of no particular value. 
In the foregoing we have drawn a line between the science and 
the art of chemistry. The character of the art is perfectly l)lain to 
everyone. lIe who analyzes substances in order to decide questions 
solely of practical importance; who examines the properties of sub- 
stances solely with a view of determining the practical uses to which 
these substances call be put; whose ouly problem relates to the ap}Jli- 
cations of the truths of chemistry to the uses of man-he practises the 
art of chemistry. 
But it is time to inquire what the science is, and wllat its relation 
to the art is. A science is a collection of principles, well established, 
applying tv a certain class of phenomena. The scienco of chemistry 
is that particular science which treats of tIle action of bodies upon 
each other, in so far as this action causes a change in the com})ositioll 
of t he bodies. All tJw so-called natural laws which govern this kind 
of aetion belong legitimately to the field of chemistry. The scicnce 
is, strictly speaking, a part of that broader science which treats of 
the action of matter npon matter, viz., physics; but it is usual to 
consiJer the two as separate sciences. Its first ohject is to determine 
the laws of combination and decomposition of bodies, and its state of 
perfection will he reached when so much is known concerning these 
laws that we shall be able in every caRe to foretell what changes will 
ensue when two or more bodies are brought together, or when certain 
influences are brought to bear upon a body. 'Ve are so very far from 
this perfect state at present tbat we cannot even say what kind of 
reasoning processes will be necessary to enable us to draw the proper 
conclusions from given facts. It appears probable, however, that 
chemistry will gradually develop into a true mathematical science, 
and that, having reached this state, chemists will determine the orbits 
of atoms, their rates of motion, their perturbations by 11lethods similar 
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to those so long employed in studying the problcms of astronomy. 
Although we are far from the perfect state of the science, still every 
advance made ill it is a step toward the end. From time to time ma- 
terial enough is collected to enable some one to make a comprehensive 
generalization. The::;e generalizations we admire, but we sometimes 
forget that they never could have been madë had not a myriad of 
workers from day to day furnished the material; themsehes often 
unconscious of the importance of the real wor1.. they were doing, but 
believing that every fact established, however insignificant in itself, 
every error of previous observers, howeyer slight, corrected, would at 
some time serve a purpose in the growth of the science. Dalton's law 
of multiple proportions; the law of Dulong and Petit connecting the 
specific heat and the atomic weight of the elements; Avogadro's hy- 
pothesis relating to the connection between molecu1ar weights and the 
volumes of gaseous cornpouuds, would still have be(>n of the future, 
had it not been for the efforts of a great many scientific workers, con- 
tributing their mites day hy day. 
Though we thus recognize a growth of the science of chemistry, 
entirely independent of any practical applications of its facts, it is of 
course true that the latter foHow closely in the footsteps of the former. 
'VIlCn, then, we rejoice in any useful application, let us rcmember that 
it could ne\rer have been Inade had the science itself, as a science, not 
advanced. . 
It happens in this country particularly that a man may both prac- 
tise the art of chemistry and at the same time be a worker in the field 
of scientific chemistry. This is due to the fact that it is necessary for 
the men to live, and there are very few positions in the country which 
enable their incumbents to devote themselves to the purc science of 
chemistry without obliging them at the same time to look for addi- 
tional means of support to that furni:o:hed by the pObit.ions themselve8. 
This additional means of support can usually be found most readily 
. 
in the practice of the art of chemistry. Too often, time that could 
and would be c1evoteLl to grappling with the problems of the science 
is given up to the art in order to keep the purse supplieà. Every 
properly-constituted scientific man, howc\'er, who is obliged to so 
apply his powers :1S to bring himself immediate and material rewarùs, 
feels that he is doing something which he would rather not do, and 
that, by applying him:,e1f to his science proper, he could in the end 
be of much nlOre service to the world. It is apt to be the case, too, 
that he who begins to slight the science and to fa ,'or tbe art will at 
last entirely sacrifice the former for the latter, and we see too many 
tcachers of chemistry in this eountry at the present day who are de- 
,.oting their time to the art l":1ther than to the science of chemistry; 
a circumstance which has the most pernicious effect upon the g-rowth 
of the science amon cr us for the students who are P laced ll1H.lc:r the 
o , 
influences mentioned :1re not stimulated, as they should be, to con- 
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sieler the higher questions of the scienct', hut go out into the world 
only to keep alive the popular and erroneous idea concerning the 
nature of chemistry. 
Finally, if we have correctly represented the attitude of the world 
toward chemistry, and correctly stated the causes of this attitude, it 
is plain that the world is not to be blamed, but rather, if fault is to 
he fmUla, it must be with the chemil'ts themsclyes. To them we must 
look for deliverance. They may by united efforts hring ahout the 
desired change
. But how? 
Two general methods may be indicated. In the first place, the 
teaching of chemistry must be of a higher order than it is at present. 
In some of the higher institutions of learning students must be carried 
through strictly ::;cientific courses; they must be brought face to face 
-with the great questions of the science, anel shown how to work at 
the solution of existing problems; and they must go forth with high 
and true conceptions concerning their science, prepared to influence 
those with whom they come in contact, and to give them, too, correct 
ideas. A great deal can thus be done in '-he right ùirection by a 
single strong man teaching properly, and the influence is yery quickly 
felt. 'Ve need ollly refer to the influence of Agassiz on the science 
of zoiHogy in this country, to show what results may be reached hy 
a single man who i
 working in the proper way. A change in the 
Jnethor1s of teaching in onr higher institutions of learning, tben, is the 
C'hief thing- to which we are to look for an improvement in the popu- 
lar concept.ion of onr RC'ience. But there is another means at our 
command which is very rarely taken advantage of by scientific chem- 
ists. This C'onsists ill popular presentations of the higher truths of 
the sC'ienC'e, either in tbe form of lectures or of nrticles in mag3zi:nes 
wlaich are read 1>y the J)ublic. A great deal of good can be accon1- 
plishèc1 in this way, if the work is properly done. There are chapters 
of great inherent interest trenting of matter which belongs in the do- 
main of the sC'ieuC'e of chemistry, and these are rarcIy alluded to in 
populnr lectures or articles. If more stress were bid upon such sub- 
jects, and less upon the lnerely practical portions of.the science, some- 
thing would be done in the way of el)"awing the attention of the public 
toward the higher que
tions, and thus that good influence which was 
aboye referred to as resulting froD1 l)opular discussions of the great 
truths of l,hysic
 wonl<1 also be felt, to some extent, in connection 
with C'hemistry. Thus, too, there would gradually grow up a respect 
for the science as well as for the art of chemistry. 
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VIT A.L ST...\. TIS TICS. 


By CHARLES P. R{;SSEL, 
1. D. 
N o subject of scientific research has within the present century 
-L receiveù more earnest attention from thoughtful minds thau 
that of statistics. K one, moreover, is more worthy of investigation 
or fruitful of more satisfactory practical re
mlts to humanity. It must 
be confessed that careles
 or dishonest observeI;s ocC'asiotmlly mis- 
construe or misinterpret the significance of statistics; but the 
ame is 
equally the case with all facts. There can ùc no doubt that certain 
truths are demon
trable hy figures, and that we must accept almost 
without qualification the old adage that "figures cannot lie." 'Ve 
should not confound with stati
tics themsc!ves the erroneous deduc- 
tions drawn from them so fioequently. 
Among the various divisions of statistics the one which relates 
more particularly to l)irth, marriage, and death, must always occupy 
the most prominent place in human interest. It is this to which the 
expression vital statistics has approlJriatdy been applied, awl as "self- 
preservation is the first law of N.ature," so if by a study of this sciencc 
we can, so to speak, grapple with Death himself and retard his course 
even for a time, we may assuredly congratulate mankind. This sci- 
ence, as its name implies, takes cognizance of the essential circum- 
stances of human existence, while it must obviously })ossess inherent 
and intimate relations with other branehes of 
tatistical inquiry, viz., 
those of Inorals, industrial pursuits, customs and modes of life, mate- 
rial prosperity, peculiarities of soil and climate, domestic economy, 
and even political tendencies and events. 
If the deductions gained from vital statisticF-I are to he of vah1<' 
in the preservation of life, those facts which hear particularly upon 
the preventable cau
es of death must naturally claim onr more im- 
mediate consideration. The suhject of mortuary statistics i
, indeed, 
one of profound interest. All civilized nations haY<' finally recognized 
its importance, and llave by more or less stringent legislative enact- 
ments enforcEd the collection, preseryation, and proppr arrangement 
and analysis, of those data which constitute its foundation. It must 
be acknowledged that even exact figures of mortality do not always 
indicate 'with positi1.'e accuracy prevailing conditions of the puhlic 
health, especially in the case of affections subjl-'ct to constant fluctua- 
tions of type. They are, however, indices which point unerringly 
in the right direction, ana, as such, they are entitled to onr mo!':t 
careful consideration. )Ioreon
r, they are our sole mean
 at present 
for approximate investigation 01' national disease. 'Ve may trust tlw,t 
ere long tlw cOllcerte<J, action of the entire mediral profe
!'ion will 
furnish us with a constant knowledge of the comparative prevalence 



698 THE POPULAR SCIENCE ßfONTHLY". 


of all disease. In the United States the want of such a system is in 
a manner compensated for by the periodical enumeration of causes ot" 
death at each national census. Although for obvious reasons such 
enumeration must be defective, both as regards the actual causes 
theInselves and the number dying within the census year (the returns 
of 1870 being computed as forty-one per cent. less than the true Dum- 
ber), still, the same sources of error and the same elements of truth 
obtaining, as a rule, in evt:l:y section, tbe results of comparisons be- 
tween different portions of the country contain much less of fallacy 
and mor
 of fact than .might be anticipated. For the last census 
year, ending J uue 1, 1870, neady half a million deaths were collated 
and appropriately arranged by the Census Bureau, in tables referring 
'both to the country as a whole and to separate States and Territories. 
Among our English kinsmen across the .L\tlautic there has existed 
for many years a uniform and comprehensive system of death-regis- 
tration. Thus, within a brief period of the outbrcak after an epidemic, 
its mortuary figures frOln evcry quarter reach the central bureau in 
London, where they are at once systematically tabulated and pub- 
li::;hed. The 1 character of the n10rbific storm is studied, and its course 
predicted with almost as Dutch certainty and promptness as each ap- 
proaching disturbance of the elements is foretold and described in 
1Yashington from a comparison of manifold meteorological phenoD1ena. 
In the same manner, whatever peculiarities may characterize the 
D10rtality by sporadic and endemic affections at different seasons, in 
various portions of the country, are ohserved and conn
rted into 
numerical expressions for analytical st}1dy. 
It is unfortunate for the cause of medical and sanitary science that 
no similar sYRtem has yet been established in this country. III our 
population of forty-odd millions over seven hundred thousand deaths 
must have occurred within the last twelve months; and. yet, except 
in the case of our large cities, we are almost as ignorant of our causes 
of mortality as we are of those which cut off the population of China. 
The British system, one applicable to dle peculiarities of different 
populations, was devised by Dr. "Tilliam Farr, the di::;tinguished medi- 
cal director of the English Registrar-Generars office. A statistical 
congress, under the aus
pices of the Frenrh Govermnent, was'convened 
in Paris in September, 1855, to consider this subjeet, and it agreed 
upon a nomenclature of the causes of death substantial1y the san1e as 
that proposed by Dr. Farr. At another congress held in Vienna, in 
1857, a uniform Domenclature and plan of registration for all the 
European states was determined upon. Dr. Farr's classification of 
disea
es was not so generally adopted; but it has sinre been making 
its way in Germany and otl)er portions of Europe. This nosological 
classification, though by no means perfect, doubtless possesses, in its 
practical relations to public health, advantages over every system 
that has preceded it. Its divisions are founded upon the manlier in 



VIT...1L STATISTICS. 


699 


which diseases of similar type or character affect the population. It 
will be sufficient to mention its first great cbss-that of zymotic dis- 
eases. This term zymotic is derived from a Greek word meaning 
fermeil,t, and has refcrence to a changc analogous to that of fermenta- 
tion occurring in the blooll by the infinite multiplication of ùi
ease- 
germs. Such affections chietl y comprise fevers }Jar excellence-the 
epidemic, endemic, and contagious or infectious disorders-which 
suddenly attack masses of people, which sl-'ring from different sorts 
of malaria, or from specific communicablc poisons; contaminate the 
atmosphere and water, and decimate in a brief time civil and military 
communities. 'Ve read in saCt'eù history of whole armies having 
been suddenly swept away, as that of Sennacherib, which, while be- 
sieging Jerusalem, lost 185,000 mCll in a single night under the deadly 
breath of the destroying angel-a beautiful metaphor, probably, for 
the swift and invisible hlow of the pestilence. It has been well rc- 
lnarked that these diseases distinguish one country from another, one 
year from another. They have formed epochs in chronology, and, as 
Niebuhr has shown, " have influence\.l not only the fall of cities, such 
as Athens and Florence, but of empires." 
This great class of maladies is the index of salubrity; it is this 
class which varies to the greatest extent in different climates and 
seasons, which modifies the fatality of other kinds of disease, and 
which constitutes the principal difference between thc health of differ- 
ent peoples and periods. 
A general and uniform system of death-registration among nations 
renders easy what would otherwise be impracticable, viz., constant 
international exchanges and compari::;ons, not simply confined to in- 
di,'idual affections, but applicable as well to immense groups of cog- 
nate diseases. In this manner statistics of mortality assume vast im- 
portance, and present for our consideration manifold questions of a 
physical, social, and political character. They determine the laws 
which regulate the duration of life; they indicate in what manner 
those laws haye been or are being infringed, and, afford bases for cal- 
culations materially affecting the interests of mankind. Dtatistics are 
far from being the barren array of figures ingeniously and lalwriously 
combined into columns and tables, which some persons are apt to 
consider them. They constitute rather the IN1ger of the people, in 
which, as the merchant in his books, the citizen can read at once all 
the results of a week, a month, a year, or series of years, and can de- 
duce the profit or the 10sR which has accrueù to the account of vitality, 
morals, education, wealth, power. Ana it has },een well said that 
"science has nothing to offer more inviting in speculation than the 
laws of vitality, the variations of those laws in the two sexeR at dif- 
fcrent ages, and the influence of civilization, occupation, locality, 
{'a- 
sons, and other physical agencies, eithcr in generating diseases or in 
improving the public hea1th." 


. 
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But, putting aside this broad and philosophic view of the impor- 
tance of mortuary statistics, it is evident that the application of their 
deductions must be of great benefit to the physician as a practitioner 
alone. This was perceived even as far back as the time of Sydenham, 
who inculcated the doctrine that the treatment of all dis('a
(' should 
have a reference not only to tIle immediate f'ymptoms and to the sea- 
son, but also to the epidemic constitution of the year and the locality. 
It has been remarked by a distinguished author that "man is not. 
born, does not live, does not suffer, does not die, in the same manner 
on all points of the earth. Birth, life, disease, and death, all change 
with the climate and soil-all are modified by race and nationality." 
l\ledicille, with the other natural flciences, JUtS now been obliged to 
abandon vague hypotheses for truths determined by observation. 
1\ umerical expressions are substituted for uncertain and conjecturnl 
assertions. Ouly a limited IltUllÙer of facts are, ho\vever, contained 
within the horizon of, a few observer
. The determination of the 
laws of nlOrtality requires a very wide range of observation, and a 
considerable space of time, in ortler to eliminate accidental pertur- 
bations. 
The next important element of vital statistics is that of birt1l. 
l\1an is ushered into e
istence under natural circumstances almost as 
impressive as those which circumscribe his duration of life, and which 
attend its surrender. 'Vhile tens of thousands are divesting their 
being of earthly garb, and entering upon their eternal inheritance, still 
greater numbers are a::;smning the beritage Qf life in forms 1l1Oulded 
by antecedent events, and stamped with ancestral peculiarities. If, 
therefore, it be profoundly interesting to conteInplate, arrange, and 
study the multitude of agencies which impel this innuilll'rable caravan 
of pilgrilns toward their destination, it is almost equally instructive 
to analyze the manifold causes which have contributed to their as- 
sembling together. Such particulars, when Inassed into statistics, be- 
come. of acknowledged importance to medical and social science. The 
disparity in the sexes born at different periods, the average number 
of women bearing twins, triplets, etc., the proportion of oft
pring 
fron1 native or foreign IJloogenitors, the ages and occupations of l)ar- 
ents, the average. number of children produced at diftèrent periods of 
female life and in different season
, the influence upon reproduction 
of the relative ages of parents, the reciprocal relations between il- 
legitimacy and modes of lidng-these and other kindrC'd questions 
are of deep concern to the human race, and the source of their solution 
lies in the largest accunlulation of f.'1cts. 
l\Ioreover, the actual number of births occurring ill any community 
each year is indispensable, in conjunction with other factors, for com- 
puting the increment of population during years intervening between 
those of official enumerations, and conseql1('ntly for the determination 
of the true dEath-rate. The remarkahle precision with which thib 
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increase may be approximated is exhibited by the London tables, 
according to which the estimated population of that city on _\pril 2, 
1871, was 3,247,ü31; while the dwennial census completed on the same 
night gave the number of the inhabitants as 3,251,R04.-a difference of 
only about four thousand in t!tree and a quarter rnilliolls-olle almost 
inappreciable in the calculation of percent3ges. 
To the casual thinker, statistics of marriage might 8eem of little 
conseqnence. But, in fact, the deductions fronl a review of marriage- 
returns are of positive value not only to the moral philosopher, but 
to the political economist as well. The relations of marriage to vari- 
ous industries-to n1Ïning, agriculture, trade, commerce-in a worù, 
to the material prosperit)T of a people-have been well established by 
statistics. A decided diminution in the marriage-rate of a commullity 
within a given period of time is an unerring inùication that war or 
pestilence, or commercial crisis, or other great di
turlJing force, bas 
r
nderea the necessaries of life dear, and occupation difficult to pro- 
cure. The various forms of marriage-the numbers of lmch('lors, 
widowers, spinsters, and widows, united ill wedlock; the tendency to 
early or late marriages among certain classes and peoples; the con- 
d ition o.f elementary education as indicated by the proportion of mcn 
and women capable of signing their names to marriage-documents; 
the effect of a demand for skilled labor upon the proportion of early 
marriages; the relations between waste of life and proportions of 
marriages and births in towns as contrasted with rural districts; the 
influence of the marriage-rate on morality; the ratio of marriages to 
births, and its conformity to density and character of population, anù. 
to industrial pursuits-all of these considerations furnish assuredly 
social problems of deep and constantly - increasing importance to 
civiliza tion. 


--- 


WÜRLD-CREL'\. TIOXS. 


By C. C. 
[ERln
L\.N. 


T IlE New-World pioneers of the sh:teenth centurr, wl1en t]lC
- 
first looked 011 the sea-worn 
hores and giant forests of K ew 
England, had in reality no compelling rea
on for l)elieviug in the 
veritable old a
e of this new-fonnd land. They had no" first order 
of proof" that the shores were not recently upheaved there for them 
to la.nd u})on, and with the growth of the centuries on th(,111 for the 
trial of the nlanhood that was soon to reclaim them. But I think 
those sturdy aaventurer
, if they Rtoppefl at all to con
ia<.>r of scien- 
tific doubt s, werc not long in deciding that thc scene before them was 
couformable to the Jaws aIH11)roce
ses of Xature, ana thercfore mu
t 
have been the slow growth of time. 
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In like manner, the geologist, looking into the bowels of the 
earth, and finding here and there the remains of a tree or a saurian, 
presumes that they once lived and grew in the same localities, and 
were buried and petrified under the rock-grin dings of after-ages. 
But he really has no absolute proof of any such thing. They may 
have been created in the fossil state and laid away in the strata on 
the same day the earth was made. But I think tlw scientist, l\:now- 
ing laws of Nature by which, with sufficiently long periods of time, 
all these geologic results might have been gradually brought about, 
is justified in believing that they too were the slow product of K ature 
and of time. 
So we, finding tJ):lt the world has certainly at some time been 
sRbjected to a heat at least sufficient to volatilize nearly every l\:no\Yn 
substance, and that there are laws of Katnre hy whid), tlu.ough 
periods of time immensely long, the earth and the planets might 
have been rolled np from a gaf:eous nebula and bowled oft' in their 
mighty revolution
, 113,ve just as much right to say that it was so, as 
we have to say that the American forests grew, or that the Triassic 
beds were deposited. 
Geology has pro\'ec1 that t1w earth, up to the primary rocks, was 
once a molten mass. The cry
talline structure of the unstratified 
rocks compels to this conclusion; for minerals inf'oluble in water can 
only become crystallized in large masses by cooling from a state of 
fusion. If, tl)cn, the earth was once an incandescent globe of melted 
rocks-for everything above the granite bedf' must then have been in 
a state of vapor-it is not unreasonable to suppose that it may have 
existed prior to that time in a still more highly-heated condition- 
eyen vobtilized, and diffused through space as rare and attenuated 
gases; for this is the condition which all rnatter assumes under 
sufficient degrees of heat.. In f.'1ct, wc mnst either f'uppose that tlw 
earth was created aF: a fiery liquid glohe, for which we haye no war- 
ra
It, or we must follow h:wk to the time when its vapors were scat- 
tered ill space, unreflecting and impenetrable to light-wIlen the earth 
was" without form and yoid, and darkn('ss was npon the ihce of the 
deep. " 
IÆt us start, then, with that condition of things which it is now 
very generaHy conceded must once have existed-tlle diffusion of 
JYlatter in a nebulous form thr'oughout all space. Calculations easily 
made show that the nebula mn
t Im\'e been of extreme tenuity- 
such that the few grains taken np on the point of a knife-blade must 
have been expanded to fill several cu1,ic miles. A heat so powerful- 
for we know of no other force wl1Ìch could thus hold apart the atoms 
of matter-would dou1)tless be sufficient to resolve every known su1)- 
stance into its f'implest elementary constituents, pér}lapS into a very 
few primordial elements; for chemi
ts are far fronl being satisfied 
that they have arrived at the ultimate forms of matter in their list of 
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sixty-five elements. But, however this may be, we know that the 
atoms, whatever they were, must have been held so far apart that no 
combinations could possibly have existed. Neither were they ùrawn 
more in one direction than another by their mutual attractions, for 
they are equally diffused through all space. Therefore, heat, the 
great repulsive force, has overcome all the forces of attraction- 
cohesion, chemical affinity, and gravity. 
Between sneh mighty contending forces we can hardly imagine 
a Rtate of perfect equilibrium. Immense currents and world-wide 
surgings must be the long-continued if not the permanent condition 
of this state of things, especially if we ccnceive it brought about by 
natural causes. .1\lore condensed portions of nebulous matter would 
be formetl-sections of space larger or smaller, in which the forces 
of attraction counterbalanced those of repulsion. :Each such section 
would then have its centre of gravity, around which all the currents 
within its influence, by the law of the composition of forces, must 
eventually unite in one. This one flowing ever around and slowly 
toward the centre, like a ball rolling down an inclined plane, goes 
faster and faster, until the centrifugal overbalances the centripetal 
force, and it sC'parates completely from the inner mass. Thus a ring 
is formed revol ving around a central nucleus. Unless perfectly equi- 
posed, and of homogeneous material, this ring would sooner or later 

reak up into a number of globes, which, by the sUIJerior attraction 
of the largest, would ultimately coalesce into one. This globe, still 
contracting, and the nuclC'us also contracting, would throw off satel- 
lites and other planets, all revolving in nearly the salliC plane and 
in the same direction. All these proces
es are in perfect accord, not 
only with the conditions of the heavenly bodies so far as discovered, 
but with known natnrallaws. l\Iany of them have been F:uccessfully 
imit
tC'd on a small scale in experimental illustrations, as in the rapid 
rotation of oil suspenòed in water. 
'Ve have here given only the simple outlines of the famous 
"nebular hypothesis" of Laplace. In later years, t he 
iscoYery of 
nebulæ in the heavens in all stages of wor1d-formntion, the evidence 
of the spectroscope on the unformed materhl1 of the universe, and 
other proof's, have compelled for the proscribed hypothesis a recog- 
nizecl place in science. We do not stop to consider these f'uhjects 
more flilly, because it is the purposp of this article to inquire chiefly 
concerning the forces that would he engaged in 
uch a process of 
evolution; and, firstly, how from the preponderance of the repcIl(>IIt 
forces holding matter in universal diffusion there came the final maR- 
tery of the aggregating forces ever concentrating, combining, and 
working np the materials of the nniver
e. 
The first of the operations which have come to our notice in the 
progress of thi
 evolution is the condensation of the gase
. This, 
according to all experience, ought to evol re heat; but, inl-'teacl, we 
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find only that the flow of the currents-the motion of the masses- 
is proportionately increased. Is there a connection of cause and 
effect between these phellOInel1a? 
All motion that we are f..uniliar with requires the expenditure of 
heat. The combustion of coal supplies motion to the stealn-engille. 
The evaporation of water by the sun's heat causes the raill-clouds
 and 
the mill-streams. The oxidation of certain elements in the food we 
eat is the combustion which supV1ies our hodies with })OWer8 of 
motion. Recent discoveries have shown not only that motion is heat 
transformed, but that to produce a certain quantity of motion an 
invariable certain quautity of heat is required. 
.Again, the cessation of motion evolves heat. It is well known 
_that by skillful blows váth the hammer a cold irou bar can be maùe 
l'<:d-hot. Two wheels rcyolving in opposite directions, and touching 
at the circumference, become higllly heated; aud factories have been 
warmea solely by this transfer of motion into heat. Friction is Lut 
another name for the anesting of motion, anù, as we well know, 
alway::; produces heat. There is also here the same equiyalence :1ð in 
thc other ca::;c. The stoppage of motion evolves just tlw amount of 
, heat that was required to produc
 that motion. 
Thc greatest triumph of modcrn science is the splendid induction 
that all the force
 are correlative and inùestructiblp. Not an ÏI
lpnlse 
of motiou, of light or heat, or any force, is ever lost. It may be com- 
municated from one body to another, or translnuted into some other 
form of force, or become for a time latent or imperceptiùle; but it 
always exists, and is reclaimahle Lack again into the ballIe, ill nlOde 
and quantity, from which it started. 
The grandest exemplification of these truths willLe found in what 
we are now considering, the origin of the celestial revolutioll
. The 
condensation of gases gives out heat in direct proportion to the con- 
traction of volume. The attraction of gravitation, not only Letween 
Juasses but between all the particles of matter, .increases in the 
inverse square of the diminishing distance. From these two princi- 
ples it can be mathematically shown that in the contraction of each 
great world-nebula heat would he set free in the precise proportion 
of the increase of atomic attraction; or, in other words, tbat it would 
take the exact amount of }H'at-force that had been relea::;ed, to separate 
the atoms again to th'eir original distance apart. But in thiH instance 
the heat-force is not really set free; it is transformed into the mo- 
tion of the mass from which it CaJlie. Instead of holding the atoms 
:1part, the work which it now has to do under the forl11 of motion is, 
to prevent the Juasses from falling into ench' other. It is this motiòn 
-the celestial revolutions-which keeps the worlds apart, a.nd allows 
each to wo!"l( out its destiny under the aggregating forces, without 
interference from any other. Up to a certain point of condensation, 
which is previous to the radiation of heat into space, if this motion 
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were at any time stopped, it woukl be resolved into just the amount 
of heat nece::;::mry to expand the mass again to its origiu:::.l dimension
. 
The a.ttractive forces, gravity, chemical aflinity, and cohc
ion, 
whether these forces are many or ouc, are inheréIlt properties of mat- 
ter. Every atom has its definite capacity of attraction, wlJich may Le 
exm'cised or not aecording to circumstances. For it is evident that 
an attracting Lody may be at the same time drawing toward itself a 
million other like bodies, or none at all, without challge of its power of 
attraction. In like manner the magnct has a definite liftiug power 
whether it is actually holding up a weight or not. If this attriLute 
of matter i::; not operati\Te, or but partially so, it is becaube heat, or 
motion, or some repellent force, is holding the atoms or the masses at 
a distance from each other, allll thus oppo
ing the exercise of it. The 
sum, however, of the attracting power belouging to the world of mat- 
ter is as fixed ao;; the quautity of matter itself. And I think it is in 
the highest degree probable that there is in the universe precisely 
enough repulsive force or heat to overcome all this inherent power of 
attraction, 'Vhen all motion of the masses and of the atoms is 1"e- 
soh'ed into repulsive energy, and brought to bear on the elements of 
matter, I imagine that they must completely fill the bounds or the 
infinity of space. Then, if there were perfect equilibrium or rest, no 
further changes or effects could eypr be manifcsted. Such a condition, 
however, could probably never re
l1lt from natural causes, for the time 
necessary to the perfect balance of the forces must bé as infinite as the 
space through which they extend, and to " set bounds to space" has 
puzzled philosophy from a very ancient date. If, on the other hand, 
the universe of matter was created in a state of absolute rest, we have 
the further awl necessary provision that the Spirit of God moved on 
the face of his creation, and thus un h
lanced the forces. But the equi- 
librium once broken, in whatever manner, from that moment evolution 
must inevitably proceed. For, let there 1e an overbalancing of tIle 
aggregating force in ever so little or much, an equivalent of the op- 
posing force must thereafter find some other work to do, and the field 
is effectually given up to the mighty agency that comòincs, and con- 
strncts, and brings order out of chaos, 
So long and in proportion as the forming worlds continue to con- 
tract their dimensions, the rotations and revolutions increase in tlteir 
velocity. Thus in the rapid. and ever-speeùing mo\.ements of the hea\. 
enly bodies there is stored up the ever-increasing re
en.e of heat that 
is liberated from the great contest with gravity
 But in the progress 
of concentration there comes a time when the atoms of matter have 
npproached ench other sufficiently near fin' other forces of attraction, 
equally correlative of heat, to come into play-chemical affinity be- 
tween molecules of unlike nature, nnd cohesion hetween those of like 
kiwi. Under the latter term are iuclucletl all the changes of state 
which are the result of cooling. By these attractions heat is set free 
VOL. x.-45 



706 THE POPULAR SCIE.J.:VGE .1}IONTHLY. 


in such abundance and under such conditions that it cannot be stored 
away in the lllotion of the masses. It is then, probably for the first 
time, th3,t heat becomes a wave-force, and is radiated into space as 
light and radiant beat-not, however, lost, for that is impossible, hut. 
moving ever onward and outward to the day and the place of its final 
reclamation. 
Our own solar system has alreaùy progres8ed far in this stage of 
aggregation. All the planets and satellites have become crusted over, 
and have ceased almost entirely to radiate heat. But the sun, the 
great central body, the one which should last of all become colò, is 
still in active combustion or chemical comùination. Immense quanti- 
ties of light and heat are still rat1iating from its surface-so immense 
- that the little fraction which our earth catches as it flies through space 
gives us all the motion, anù life, and beauty, which we enjoy. But 
the sun is not even now the glowing orb that once it was, as the rock- 
records of our glohe testify. Its bright radiance is slowly but Rurely 
fading. Those huge, black incrustations, often twice as large as the 
whole surface of the earth, that float awhile on its photosphere, and 
then are suddenly broken up-they were not always there. And, if 
they have grown upon it, the uncomfortable conviction arises tbat 
they will continue to grow and darken more and more its life-giving 
face. 01<1 age is certainly being written on the solar brow. It may 
be millions of years hence-for time is not one of the economies of 
Nature-but the period will surely conle when light and heat will all 
have departed from the sun, as they once ceased to be radiated from 
the earth and the planets and the numerous stars that have gone out 
within the records of astronomy. A pall of darkness will gradually 
overspread the universe as one by one the stars of the firmament shall 
fade away and sink into gloomy, lifeles
 sleep. A day in the mighty 
calenc1ar of creation has passed, and a night has followed, cold and 
dark as the tomb of expiring Nature. 
But is tlJere no awakening, no morrow to this night of tIle uni- 
verse? Is the contest over, and neyer to be renewed? For answer, 
let us seek out in this case, as we did once before, the condition and 
movements of the great contending forces. Those of attraction have 
now in each world expended their utmost possible energy, and are 
holding all the forms of matter combined and compacted in a cold 
and rigid embrace. The forces of repulsion have entirely abandoned 
the contest, and are either vibrating through the unknown realms of 
space, or are locked up in the swift and complicated motions of the 
heavenly bodies. It is probahle that by far the greater part of the 
repulsive forces thus exists in the form of motion. It has been esti- 
mated, no doubt with a near approximation to truth, that, if by any 
nleans the earth could 1)e suddenly arrested in its rapid course, its 
mass would thereby be raised to the enormous temperature of 23,3600 
Fahr.-a heat sufficient to vaporize and dissipåte every known suh- 
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stance. If then, as woul<1 be the case, it 
';}lOnld fan into the sun, this 
heat would be increased by the fall four-hundred-fold. K ow, it make
 
no difference in tbe aggregate evolution of Leat whcther thi
 cessation 
of motion is sudden or gradual; anù if we ('an find in :K ature any 
agencies tending to retard the revolutions of the planctary boùi(..
, 
they must inevitably sooner or later fall into the ::;UIl. In such a ca::;e 
it can hardly be douhted that we have fonnd a cause sufficient to pro- 
duce again the disintegl'ation and difthsion of matter. 
The wave-theory of light and radiant hcat lll'esuppuses the exist- 
ence of an ethereal medium pervading all space. It must be a me- 
dium of material atoms held in equipoise by a balance of forces, for 
it is evident there could be no wave-motion unl
ss thére was I::ìume- 
thing to move, and something, too, having the attributes of matter in 
a state of extreme mobiJity or fluiò.ity. There is no oth<.'r conceiv- 
able way hy which light could reach us from the sun and stars except 
. through this all-pervatling form of matter. .And if there is a material 
medium, of whatsoever exceeding tenuity it may be, still it must pn- 
sent something of resistance to everything passing through it. It 
resists the passage of light eight minutes in 90,000,000 miles, thus 
proving its materiality by its resistanC'e to force, which is one of the 
definitions of matter. If one could conceive of any force passing 
through an absolute vacuum, it could only be conceived of m: I)assing 
instantaneously-there is absolutely nothing to detain it. Again, heat 
and its allied forces arc only effects, and the suhject is and can be only 
matter. There is no physical truth better establi
hed than that the 
forces can exist only where matter is in some form. It if-": not essential 
t.hat this form of matter be 
uhject to the ordinary laws of gravitation. 
. The proba1i1ity is, that it differs entirely from anything that we have 
experience of. It would seem that the atoms composing the ether of 
space, instead of attracting each other like th.ose of ordinary matter, 
must repel each other. 
\t least this supp08ition would account for 
what there is remarkable in connection with the ethereal medium. 
But, whatever theories we may adopt in regart.1 to it, thi
 is certainly 
true, that the revolutions of the heavenly bodies must be continually 
opening passages through it, ana that a certain part of tne force of 
those revolutions must be expended in plU
hing it aSl(le. The centrif- 
ugal force is thus lessened, and the bodies are drawn nearer to the 
snn. In consequence, the periods of their revolutions are shortened. 
This has not as yet become noticeal)le in the case of the planets, fronl 
the fact that the slow contraction of their bulk by the loss of internal 
hpat through volcanoes, thermal springg, and other sourceR, has the 
contrary effect of increa!'-ing the velocity of revolution, and thus coun- 
terbalancing the retardation of friction. The fact that the two effects 
are thus nearly counterbalanced pro"es the retardation, for otherwi
e 
we know that the acceleration would be oh
('rYah1c. In the case, how- 
ever, of the light cometary bodies, it has been shown that they suf- 
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fer a very considerable retardation in their IJassage throug]} space. 
Eneke's cornet formerly came regularly back into the field of the 
earth's orbit once in every three yearð, but with a period shortened 
six hourH each time. The whole planetary regions seem to be filled 
with collection::, of matter-star-dust aud meteorites. They are all 
revolving about the sun in eccentric orbits, and are dou1tle
s slowly 
circling toward it. The zoùiacal light is f-upposeà to be only an im- 
mel1se aggregation of this material. Thus the thickening stratum as 
these strange bodies draw near to the Slln shows that they are all 
slowly gathering to that great centre of attraction. 
The evident efrect. of the fall of any of the planet
 into the sun 
would be the diffusion of highly-heated vapors far out into tbe spaces 
that surround it-probably far enough to reach the next outlying 
},lanet, and thereby to increase its retardation and hasten its fall into 
tbe mighty caldron. So one by one the planets dissolve and their ele- 
ments fill the void of space. The expanding gases catch up the waves 
of radiant heat that have long been wandering from planets and suns; 
and the nebula i::; again seething and surging with its mighty contend- 
ing forces. Snn-systenl reaches out to sun-system, and star-gahn.,y 
mingles with star-galaxy, till through all the abysmal depths mattcl. 
is again" without form and void, and darknes
 is upon the face of the 
deep." Chaos has returned once more, again to he breathed npon 1y 
the Omnipotent Spirit that reforms and recreates. 


... 


ACCOUTRE)fEKT OF A FIELD-GEOLOGIST. 


By PROFESSOR GEIKIE, F. R. S., 
DIRECTOR OF THE GEOLOGICAL SURVEY OF SCOTLA!\"']). 


F IELD-GEOLOGY does not mean and need not include the col- 
lecting of specimens. Cónsequently a formidable series cf ham- 
mers and chisels, a capacious wallet with stores of wrapping-paper 
and pill-boxes, are not absolutely and always required. Rock-speci- 
mens and fossils are best collected after the field-geologist bas made 
some progress with his examination of a district. He can then begin 
to see wbat rocks really deserve to be iIJustl'ated by specimens, and 
in what strata the search for fossils may be most advßntageousIy ('on- 
ducted. lIe may have to do the collecting himself, or he may be able 
to employ a trained assistant, and direct him to tbe localities whence 
specimens are to be taken. But, in the first instance, his own efforts 
must he directed to the investigation of the géological structure of 
the region. The specimens required for his PUl"!)OSe in the early 
stages of his work do not inyolye much trouble. He can detach 
them and carry them off as he goes, while he leaves the fun collection 
to be made afterward. 
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It is of paramount importance that the field-geologist should go 
to his work as lightly equipped as possihle. Ilis accoutrements 
should he sufficient for their pnrpose, and eminently l)ortable. Yon 
may judge of the portability which may be secured when I tell you 
that I have on my person at this moment all the instruments necessary 
for carrying on a geological survt'y, even in the detailed manner adopt- 
ed in the Geological Survey of this country. Y 011 observe, therefore, 
that a fully-equipped fiehl-geologist need not betray his occupation 
hy any yisible implement. The want of such tokens of his craft 
often greatly perplexes rustic observers, to whom his movements 
are a fruitful. Ronrce of specnlation. I shall divest myself of my 
accoutrements one hyone as I have occasion to refer to them, and 
describe their use8. 
Tile hammer is the chief instnlment of the field-geologist. lIe 
ought at first to use it constantly, and Eeldom trust himself to name 
a rock untillJe lias broken a fragment from it and compared the fresh 
with the weathered surface. 
[ost rocks yield so much to the action 
of the weather a:-; to acquire a decomposed, crumbling cnlst, by 
which the true color, textnrp, and composition of the rock itself, may 
be entirely concealed. Two rocks, of which the outer crusts are simi- 
lar, may differ greatly from each other in essential characters. Again, 
two rocks may assume a very different aspect externally, and yet 
may show an identity of composition on a freshly-fractured internal 
surfacc. The hammer, therefore, is required to detach this outer de- 
ceptive crust. If heavy enough to do this it is sufficient for your pur- 
pose; any additional weight is unnecessary and burdensome. A 
hammer, of which the head weighs one l)ound or a few ounces more 
is quite massive enough for all the ordinary requirements .of the 
ficld-geologist. 'Vhen he proceeds to collect specimens he needs a. 
hammer of two or three pounds, or even more, in weight, and a small, 
light chipping-hammer to trim the specimens and reduce them in bulk 
without running a too frequent risk of shattering them to pieces. 
JIardly any two geologists agree as to the best shape of hammer; 
nUlCh evidently deppnding upon the individual style in which each 
observer wields his tool. This (Fig. 1.) is the form which, after long 
experience, we have found in the Geological Survey to be on the 
whole the best. A hammer formed after this pattern combines, as 
you observe, the uses both of a hammer find a chisel. 'Vith the 
. 
broad, heavy, or sqnare end, you can break off a fragment large 
enough to show the internal grain of a rock. With the thin, wedge- 
shaped, or chi
el-like end, you can split opcn shales, sandstones, schists, 
and othcr fissile rocks. This cutting or splitting edge should be at 
a riglIt :'1ngle to the axis of the shaft. If placed upright or in the 
same litH' with the shaft, much of its efficiency is lost, especially in 
wedO'in o ' off plates of shale or other fis.sile rocks. 
Å h
mmer shaped as I recommcnd serves at times for other than 
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purely geological purposes. On steep, grassy slopes, where the foot- 
ing is precarious, and where there is 110 available hold for the Land, 
the wedge-like end of the hammer may he driven firmly into the turf, 
and the geologist may thereby let himself securely down or pull 
himself up. 
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FIG. I.-GEOLOGICAL IIAMMER, COMPASS-CASE, AND BELT. 


The most generally convenient way of carrying tbe hamnl(
r is to 
have it in a leather sheath suspended from a waist-belt. The hammer 
hangs at the left side under the coat, the inside of which is kept from 
being cut or soiled by the protecting outer flap of the sheath. Some 
geologists prefer to carry the belt across the shoulders outside, and 
the hammer suspended at the hack. Others }Hoyide themselves with 
strong canvas coat-pockets and carry the hanlmer there. 
Even the most sharp-sighted observer is the better for the aid sup- 
plied to him hy a good magnifying-glass. For ficlù-work a pocket 
lens with two powers is usual]y sufficient. One glass should have a 
large ibld for showing the general texture of a rock, its component 
grains or crystals, and the manner of their arrangement; the other 
glass should be capable of making visible the fine striæ on a crystal, 
and the minute ornament on the surface of a fish-scale or other fossil 
organism. Applied to the weathered crust of a rock, the lens often 
enables the observer to detect indications of composition and texture 
which the fresh fracture of the rock cloes not reyeal. It sometimes 
suffices to decide whether a puzzling fine-grained rock should be re- 
ferred to the igneous or the aqueous series, and consequently how 
that rock is to be colored on the map. 
Any ordinary pocket-cmnpass will suffice for most of the require- 
ments of the field-geologist. Should he need to take accurate bear- 
ings, however, a slualll)ortable azimut Ii compass win be found llsefuL 
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This is the instrument employed. in the Geological Survey. It i8 car- 
riea in a leather case, or pocket, hung from the waist-belt on the side 
of the body, opposite to the hammer (Fig. 1). The directions of the 
dip and strike of rocks, the trend of dislocations and dikes, the line 
of boundarics, escarpments, and other gcological featurcs, arc observed 
accurately, and noted on the spot at the time of observation, cither 
on the map or in the note-book. A convcnicnt instrument for light 
and rapid.surve)Ts, or reconnaissances, combines the compass and the 
next instrument I have to describe-the clinometer. I shall refer to 
it again. 
The clinometer, or dip-measurer, is employed to find the angle at 
which strata are placed to the horizon-an important olH;ervatìon in 
the investigation of the geological structure of a country, and one 
having frequently a special economic value-as, for instance, whcn it 
points out the depth to which a well or mine must be sunk. Various 
patterns have been proposed and used for this instrument. Formerly 
a spirit-Im'el was commonly employed. But, apart from the difficulty 
of rapid adjustment for the requircments of the field, the spirit-levels 
in the clinometers were apt to get broken. A much more portable and 
serviceable form of clinometer may be màde by the geologist himself. 
It consists of two thin leaves of wood, each two inches broad and six 
inches long, neatly hinged together, so as to open out and form a foot- 
l'ule when required (Fig. 2). On the in
ide of oue of these leaves a small 
brass pendulum is so fixed that when it swings ti'eelyand hangs verti- 
cally it forms an angle of 90 0 with the upper edge of the leaf to which 


.J 


FIG. 2.-TUE CLINOMETER. 


it is attached. An arc, graduated to 90 0 on cach side of the vertical, 
is dr:.twn on the wood, or on paper or brass fastened to the wood, so 
that whcn the leaf is moved on either side the exact number of de-. 
grees of inclination is shown by the penc1ulunl on the grailuated arc. 
The corresponding face of thp opposite leaf is hollowed out just 
enough to let the two leaves fit closély, and keC'p the pendulum in it
 
place when the instrument is not in u....e. This form of clinometer, 
made of boxwood and hound with brass., may be obtained of instru- 
ment-makers. It is light and Rtrong, and its durability may be under- 
stood from the appearance of the instrument which I hold in my hand, 
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and which, though it has been in constant daily use for more than 
twenty years, is as true and serviceabie as ever. 
If at any time the geologist has occasion to lighten his equipment 
for some long mountain-expedition, where eyery additional ounce oì 
weight begins to tell by the end of the òay, and where, therefore, for 
the sake of doing as much and holding out as long as posRible, lie 
should carry nothing that is not absolutely neel1ful for his IHlrpo
e, 
he may advantageously combine the pocket-compass and clinometer 
in the one instrument to which I have already alluded. This con- 
venient instrument is about the size of an ordinary gold watch. It 
con8ists of a thin, round, flat, nletal case, shaped iike that of. a watch, 
and covered either with a ('ommon watch-gla!"s, or, still better, with a 
flat disk of strong glass. Instead of figures for the hours and min- 
ntes, the white enameled face of this geological watch is that of a 
common pocket-compaf's. But the inten.al between each of the four 
cardinal points is divided into üO o . On the ceÎltral pivot, just under- 
neath the needle, a 81naU brass pendulum is placed, and a straight- 
edge of metal is sohlered 011 one side of the outer rim of the watch- 
case in such a position that the instrnment will stand on it if need be, 
and the pCI1l1ululll will then point to zero. 1.\ simple piece of mec"han- 
ism passing through the handle enables tbe observer to throw the ll(.e- 
dlc oft'the pivot, or let it down, as he lnay require. 
As it is impossilJle for a fiplcl-geologist to rememher the details of 
all the oh:::,ervations he InakelS on the ground, or to insert thew on a 
lnap, he reganls a good note-book as an essential part of his appara- 
tus. From the nature of his work, he has frequently occasion to Illake 
rough sections, or diagrams, anù, if pO
bessed of the power of sketch- 
ing, he has abunrIant opportunity of aiding the progress of his re- 
searches by jotting down the outlines of some cliff, mountain, or laud- 
scape. IIl'nce, his note-book should not be a mere pocket memoran- 
dum-book. _\ convenient size, uniting the uses of a common note-book 
and a sketch-book, is seven inches long by four and a quarter inches 
1n'oac1. Let me remark, in passing, that perhaps no accomplishnlent 
will be found so uf'efnl by the field-geologist as a power of rapid ana 
effective sketchinO" from Nature. If he has this power in any degree, 
he ought sl'dulon
y to ('ultiyate it. Even though lie may never pro- 
duce a pietnre, he call catch and store up in his note-book impressions 
and outlines which no mere deserÌptions could recall, anò which may 
.be of the highest value in his subsequent field-work. This is true of 
ordinary detailed surveys, and still more of rapid reconnaissances, 
which nuty llave their ultimate usefulness enormously increased if the 
observer can seize with Ilis pencil and carry away the forms of surface 
as well as the geological relations of the region through which his 
tr:werse lips. 
As evC'ry (Jpdce whieh 
aves labor and time in the field, or which 
aJds to the elearness of the work, is deserving of attention, I would 
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refer here to the use of variously-colored pencils for expressing at once, 
upon map or note-book, the different rock-masses which may occur in 
a district. \Vater-colors are, of coun;c, ultimately employed for rep- 
resenting the geological formations 011 the finished map. But a few 
bits of colored pencils carried in his pocket save the geologist much 
lleedle:;s writing '
n the field. To a red dot or line he attachcs a par- 
tieular meaning, and he places it on his map without further expla'na- 
tion than the local peculiarities of the place may require. 
This leads me to remark, also, that he nece!':,arily a(lopts:t system 
of signs and contractions on his map, not only to 
ave writing, but to 
prevent the lnap from being so overcrowded. with notes as to become 
hopelessly confused. Every fiela-geologist insensibly adopts contrac- 
tions of his own. For the fundamental facts of geological structure, 
however, it is eminently desirable that the same signs and E'ymbols 
should be used with the same meaning on all pubiished geological maps. 
The sul,joined diagram (Fig. 3) shows some of the signs used on the 
maps of tbe Geological Survey of Great Britain and Ireland. 
Such are the few prime instruments required in field-geology. 'Ye 
may adtl others from time to time, according to the nature of the 
work, which in each region will naturally sug- .. 
gest the changes that may be nlOst aùval1ta- 
geously made. A small bottle of weak hydro- 
chloric acid, carried in a protecting wooden 
hox, or case, is sometimes of use in testing for 
carbonates, particularly in regions where rocks 
of different characters come to resemble each 
other on their weathered surfaces. 'Yhen Sir --f- Vertical 
'Villiam Logan was carrying on the survey 
of the Laurenti;ul limestones of Canada, he re- 
ceived much help from what he called his "lime- 
stone spear." This ,vas a sharp-pointed bit of 
iron fixed to the end of a pole or a walking- 
stick. fIe enlisted farmers and others in his 
operation
, in
tructea them in the 118(' of the 
spear, and ohtained information which gave 
him a good general notion of tl1C distribution 
of the limestone. The f'pear was thrust down 
through the soil until it f'truck the rock below. 
It W ..., 
 t h e n l )u lle(l li l), anù the P o""od e r of 
tone Fro. 8.-80"E CSFFt:'L 81GS8 
....- H IN GEOLOGICAL :;URVEnr.G. 

H1hering to the iron point was tested wi.th acid. 
If, after trying a number of places all round, the obseryer uniformly 
obtained a brisk effervescence when the acid drop f(.ll on the l)oint of 
his spear, he inferred that the solid limestone existetl below, and 
noted tlw fact on his map accordingly. 
'Vh('n the Geological Survey was hu
y with the great ',ealden 
area of the southeast of England, my colleagues used what they nick- 
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named a "geological cheese-taster." It was, indeed, a kind of large 
cheese-taster, fixed to the end of a long stick. This implement was - 
thrust down, and portions of the subsoil and of the clays or sands 
beneath were pulled up and examined. Simila:r deyices must obvious- 
ly suggest themselves according to the nature of the work in different 
districts and countries. 
In the course of his observations in the field, the geologist will 
meet with rocks as to the true nature of which he may not be able to 
satisfy himself at the time. lIe should in such cases detach a fresh 
chip from some less weathered part of the mass and exåmine it fur- 
ther at home. The detailed methods of investigation, which may be 
pursued with all the conveniences of a laboratory in town, are not 
l)ossible to him in the country. But he may su1Jject his specimens to 
analysis in two cases, and obtain valuable, and perhaps sufficient, In- 
formation as to their characters. He can easily fit up for himself a 
small ana portable blowpipe-box, a machine for slicing and preparing 
rocks, minerals, and fossils, for examination under the microscope, 
and a microscope. 
Thc blowpipe-box should contain a common blowpipe, platinum- 
til)ped forceps, l,latinum wire, fi'mall bottles with the ordinary re- 
agents, ana as many of tlIe most useful }Jarts of blowpipe apparatus 
as the space will admit, con
istently with the whole box being casily 
p:wked into a portmanteau. By means of the blowpipe, it is oftl'n 
possihle to determine the nature of a doubtful rock or mineral, and to 
ascertain the proportion of metal in an ore. ..l\. young geologist Ehould 
take with him to the field only the most essential apparatus and l'e- 
agent
; he will gradually come to see by practice what additions he 
lIlay hest make to his equipment. 
..l\. convenient and portable form of the rock-slicing machine is soìd 
hy Fuess, of Berlin. Where it cannot be ohtained, the field-geologist 
may suc('eed in prep:1ring his slices by chipping thin splinters from 
the rock and reducing them upon a grindstone or whetstone. One 
side of the splinter is to be made as smooth and free from scratéhes 
as possible, which can be cffected hy polishing on a water-of-Ayr stone. 
This polished side is then cemented with Canada balsam to a piece of 
plate-glass. '''hen quite firm, the upper side of the stone is ground 
down until the requisite degree of transparency is obtained. Con. 
siderahle })ractice may he required, and many preparations may ùe 
spoiled, before the observer becomes proficient. But the labor is wen 
bestowed, for in no other way can he obtain the same insight into 
the internal texture and arrangement of the rocks with which he is 
dealing. He sees what are the component minerals of a rock, and 
how they are built up to form the mass in which they occur. lIe 
likewise can detect Inany of the changes which these mineral
 llave 
undergone, and he thus ohtains a clew to some of the metamorphic 
processes by which the rocks of the earth's crust have bpen altered. 
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The 'JJÛcroscope should be, like the rest, as portable as pos
ible. 
For most geological purposes high powers are not requireù, con
e- 
quently a small microscope is sufficient. 
It i::; sometime::; of service, when working in a district where micro- 
scopic rock-sections arc required, to carry a small collection of micro- 
scopic slices of selected or typical rock::; or minerals for purposes of 
comparison. A series of fifty or one hundred slices can be packed in 
a hox a few inches square.- Outlines of Field- Geology. 
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By JOlIN TROWBRIDGE, 


ASSISTANT PROFESSOR OF PHYSIC
, HARVA.RD COLLEGE. 


r r IIERE are some suhjects which are unapproachahle by any of 
the present methods of scientific investigation, yet tLe Luman 
minù, especially that form of it which is utterly untrained in scien- 
tinc methods of thought, loves to ponder over the profoundest nlYs- 
terie
, and calls upon Science with an almost imperative tone to solve 
moral doubts and fears. One of the greatest questions which one 
finds is perplexing the general reader of popular science, who is also 
au independent thinker on religious questions, is that of the survival, 
so to speak, of the human mind and all that betokens tbe mental and 
moral power of man after death. The alarming doctrine that the 
mind :Hul soul are the result of a proce
s of growth in the individual, 
like phYRical growth of bone and muscle, and that body and mind 
increase and decrease togC'ther, and are resolved into the elements 
again at the close of life, is not infrequently put forward by material- 
ists. It is maintained, further, that the belief in immortality is 
largely a matter of education, notwithstanding the evidence which 
is brought forward to prove that even unci\ ilized nations have a 
belief in deities and a futurc life. To the materialist, the picture 
presented by the unwrapping of a Peruvian family burial. sack, with 
its young and old mummies, and its collection of })ottery and bag of 
grain to help the disembodied spirits on their way to n haprier hunt- 
ing-ground, is pathetic only because it seems a llOpcless superstition. 
'''"hat kind of a soul, it is :1sked, has the Digger Indian who is hardly 
more intelligent than a wih1 animal? If he has a millc1 ana f'oul, 
o 
has my dog. No; what we can the soul is a cultivated state or con- 
dition which perishes like a highly-ùisciplined adaptation of the mus- 
cles of the hody which a gymna
t po
sesses. It is a state of crys- 
tallization; it is a reaction or interaction of atoms consequent upon 
physical growth. "
hell the bodr dies, the mind and itg attributes 
perish. Such utter disbelief in the great doctrine of the resurrec- 



716 THE POPULAR SCIE.J.VCE JIO.1VTHLY. 


tion is hal.d to combat; for, even among scientific thinkers, the clas!". 
of men who do not become attached to the cast-iron ways down 
which thought has traveled to them is sma)!. A logician who sets 
his nlCntal marhinery in motion, and then steps to one side to scru- 
tinize its defects and limitations, is rare. To hint that there may be 
higher processes of logic than those generally accepted, imJ)lies the 
l)ossession of a scientific mind, to say the least, not of a quantitative 
cast. It has sfemed to the writer that a discu
sion of the idea of 
the degradation of spiritual energy, so to sl)eak, would not be an 
unprofitable or irreverent suhject from the purely scientific point of 
view. .L\. little thought wilJ convince one that no transformation of 
energy can take place in Nature without degradation or dissipation 
of it. In order to generate steam we must expend the énergy stored 
IIp in the coal; and in its turn the steam in doing work l)abses from a 
hotter state to a colder one. A fref'h supply of energy is Deeded in 
order to ellabie the cold body to do work again. Thcre is a tendency 
to a uniform diffusion of heat, or to a òcgradation of energy. 
In the process of physical growt}1 and decay, the doctrine of tIle 
conservation of force, and the degradation of energy, is clearly 
exemplified. 'Yhat the body receives from the sun in the process of 
growth is given l>ack, traw;;formed, to the earth. At death the })Ilysi- 
cal being undergoes a chemical change; aud the earth and air recall 
to themsehes their respective portion
. IIere there is an equivalent 
rendering of nlatter. If the so\11 and u1Ïnd Lave "1)een the result of a 
process of growth, the entire potential energy of tIle li,'ing unit has 
not heen aecounted for in the final dissolution. The song of a bird 
can be resolved into waves of motion which, although they cease after 
a moment, and the consequcnt vibrations of the human ear die away, 
are still exerting an influence npon matter. Babbage, in his" Bridge- 
water Treatise," hal:; drawn a powerful picture of the possible perma- 
nence of the motion which has been communicated to the ether by 
the tones of a human voice, and shows that it -DUlY Dot be impossible 
to believe that the eloquence of Demosthenes still continues in some 
form of motion. So we can believe that th{> physical eftècts of a 
bird's song can remain [oreyer impressing Forne fornl of motion uI)on 
matter. Besides the physical vibrations which the song communi- 
cated to the human ear, it has so impressed the lllind that, after the 
lapse of years, the repetition of the same notes can call up innumer- 
ahle memories of deeds and a thousand pictures of the past. In the 
mind of the poet it may be the one detached note fronl which lIe can 
construct a sono- of home which can serve to arouse the ardor of the 
ð 
Christian Slav against the Turk, and store up a fearful potential energy 
wI1Ïch by i.ts fall can destroy entire nations. Here we have, in the 
transformation of the vibrations of sound to another form of energy, 
a continual degradation of t'nergy; lmt we may have l)y the sanw 
means an exa1tation of spiritual potential energy which is unexplainell 
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hy our doctrine of the consen 9 ation of force, and seems to require 
the incoming of another element in our calculations. 'Vbere does 
appear the force of mind, the high courage, which can enaùle a feeble 
body to maintain a high potential energy out of the same physical 
materials which contribute to the formation of the sluggishness of 
others? It Inay be answered: 'Vhat makes th
 difference between the 
energy of, the blooùed huntcr and that of the dray-horse? '\
herc 
does the difference appear in the final dissolution? 'Vith this latter 
qnestion we immediately perceive the difference between the degrada- 
tion of energy which accollll)auies that which recalls life, and that 
which is luanifested in the combinations of matter. GUlIpowder, 
fired by the concentrated rays of the sun, leaves only ashes and a 
rapidly-disappearing veil of smoke. It has impressed upon the ether 
yibrations which are forever undergoing rapid transformations. In 
regard to its physical nature it goes from inertness to inertne
s. A 
current of electricity is maintained by chemical action which takes 
place in a voltaic cell. As long as this action continues, tlw cnrrent 
can exerci
e its functions. 'Vhen the potential energy of the chemi- 
cal actiyity falls, the current dies away. From the earth tbe gun- 
powder can be reconstructed with exactly the same characteristics. 
Fl'om the earth beings endowed with Jife ('an be created by a process 
which is far beyond our ken, yet the new creations are never exact 
reproductions. 'Ye are forced to acknowledge that there must ùe 
something which is called the principle of life. If there is such a 
principle, does it die at the physical death of each individual? If so, 
we must modify the all-em bracing scope of the dottrinc of the con- 
servation of force and its non-annihilation. 'Vhen a body loses its 
heat, or' its electrical charge, we can readily f01'1n the equation of 
transformation. 'Vith matter endowed with life we must join, by an 
add
tive or subtractive sign, an unknown function which we ]nay 
ternl the life-function. In discussing such an equation of transforma- 
tion of energy, we must refuse to admit such a term depending on 
the life-function, on tbe ground that we are dealing with matter and 
nlateri3.1 forces, and that there is no energy distinct from that COlli- 
]nunicated by chemical processes. Or we must admit it; and make 
some assumption which can just as well be made in reference to its 
spiritual or non-physical nature as in regarù to the peculiar relations 
I which different organic compounds may maintain towanl each other. 
The first step leaves an hiatus in our ex}u.ession for the tran
forma- 
tion of energy, and the second gives a choice of helief. 
I
 may seem to some that the doctrine of Darwin is capable of 
being extended to intellectual philosophy; and, :IS certain animal 
types' fail to flourish and perpetuate themselves hecause the cond i- 
tions _ 
re not propitiou
, so we can a<lmit the pos:Úbility that the 
South-Sea cannibal i,; endowed with a mind or soul germ wllÍch conlù 
be de-\Teloped if the right conditions were at hanù. In chemistry we 
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find many substances which are apparently identical in coml)osition, 
but which possess diverse qualities. Certain conditions are requisite 
to produce different states of the same compound. If these con(1Ï- 
tions lre not fulfilled, the required combination is not made. 'Vith 
the cannibal our equation of the conservation of force would require 
a small term to represent the mind and soul, but a comparatively 
huge one, it may be, to account for that stress of tIle pm.tjcles, so to 
speak, which manifests itself as life. The source of the pllysical 
energy is the sun's heat. Looking, therefore, at the problenl of life 
and mind from a purely scientific poiut of view, we seenl to require 
a source fro.m which can come the principle of life, and which can 
create moral and intellectual growth in suitable soil and under fit- 
- ting conditions. In the case of the energy derived fl.om the sun's 
heat we J
ave a cycle of operations in which th
re is no annihilation 
of force. If we grant that there is a source of lite and mind inde- 
I)endcnt of mere clwmical change produced by the sun's heat, and 
if we adhere to the notÎon of the conservation of force applied to this 
principle of life and minf1, we are led to adopt the idea of a cycle of 
operations in which there is no annihilation of spiritual force. The 
doctrine of the existence of the spirit after l)hysical death seems to 
me not to be foreign to the scientific ideas of the conservation of 
force, which have llOW obtained such complete supremacy in the sci- 
ence of physics; or to the doctrines of Darwin, which are accepted 11)' 
so large a body of eminent naturalists. '\'ithout tbe sun there would 
be an annihilation of force. 'Yhen energy is dissi}Jated, we find the 
Run exalting it again l)y processes which we cannot completely fol- 
low. The idea of a great source of life and mind, the prototype of 
our l)hysical sun, which sets in motion a yast scheme for the survh'al 
of the fittest, and the exaltation of energy in vast cyclcf', is not 
inconsistent with the doctrine of the New Testament, and seems to 
be required in a phiIoso})hicat theory which shall endeavor to account 
for the differences in that great spiritual world wIlich are continually 
suggested to the human mind Ly the various types of mental growth. 


... 


TIlE FIRST "POPUL.A.R SCIEKTIFIC TREATISE." 


By PROFESSOR s. P. LANGLEY, 
OF THE ALLEGHENY OBSERVATORY. 


S O:\IE one has said that there is nothing in all the world of com- 
monplaccR which was not once a novelty, and born from the 
conception of an original mind. The idea that science is not for tIle 
professional student only, but tbat everJT one win t
ke an intcr('st in 
its r('sults if they are only put before the world in the right way- 
this notion which bas now produced a literature of its own-even 
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this idea was once brand-n('w. .At the present time, when the most rec- 
ondite investigation is summarized and e
 plained for the unscieìltjfic, 
so that what is capable of translation into comlllon speech is discussed 
at tea-tahles within a week after presentation, it is not easy to go 
back in imagination to a day when the student of :x aturc worked only 
for, and was judged only by, a narrow circle of his own, and most 
gentlemen and gentlewomen were not only completely ignorant of 
scientific thought and method, but would have felt in danger of ac- 
quiring pedantry in learning them. Such, however, was the state of 
things two hundred years ago in the then 1110st cultivated 80ciety of 
Europe; and it was to Bernard le Bovier de Fontenelle that first pre- 
sented itself the audaciously novel conception of writing a book 
which should render some of the results of science into a languag
 
comprehensible by the most fashionably ignorant, and in a style which 
should make science itself recognized as a pcrmissiLle topic of dis- 
cussion in the salons. 
His happy thought was executed with a cleverness akin to genius: 
the book went into all languages, alld is said to have been reprinted a 
hundred times during the last century. "Conversations on the Plu- 
rality of \V orIds "was its title; and though it is by no means rare, and 
indeed remains a classic in it'! kind, it is probably nowadays known 
only by name to the majority of English readers. Yet, in its way, 
nothing better has been done since, or rather its way is oue \\ hidl has 
had no entircly successful imitator among all its numerous progeny. 
It will be interesting, then, to look at thi:::; original in a. path Fince so 
well trodùen, and in doing so It may he premised that tll{' book :1p- 
peared in 1686, and was addre:5sed to snch a eÏrcle of readers as then 
only French society aud the court of I.ouis XIV. could furni
h. The 
age of Corneille, l\Iolière, and Hacine, I.Ja ßruyère, La Rochefoucauhl, 
and St.-Simon, Bossuet, l\IassiIlon, and Eonrdalouc (and it migllt he 

dcled of Fontenelle himself), was certainly not de\'oid of literary 
culture, and yet that very culture had so complC'tely excluded science 
that we shall presently see the marchioness, who is presented to us as 
a type of accomplished elegance, expressing complete astoni
hment 
at hearing that the earth turns round, and the mo
t na"ire wOll<h'r at 
the idea that her park and castle, and she herself, are actually turning 
too! 
ThE" "Conversations" are introduced with a description of a moon- 
light night in the park, where the author i'3 w:1lking with tIle mar- 
chioness, to whom he is paying his court, with the accompaniment of 
perpetual and sonwwhat insipid compliment, which seems to have been 
a part of the conversational dre
s of the time, and to have belonged 
to the fashion of the period as much a
 its lace-covered wai
tcoatR. 
The talk is first of the beanty of the night, 3.11(1 moves on in an 
easy and natural tone, till the :1uthor ca!'ually f'peaks of the stan
 tlH'Y 
are contemplating as "these world!'." The lady :1sks for :1n explana- 
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tion, and, on being told that it is likely to prove too learned to amuse 
her, only insists the more on the })erfect cal)acityof her 
ex for the 
reception of the 11l0st philosophic ideas, and demands a le

ou on the 
stars at once. 
"K 0 !" replies Fontenelle, "ne"er shall it be said of me that in a 
wood, at ten o'clock at night, I talked philosopllY to the 1ll0ðt charm- 
ing person of my acquaintance. Se
k your philosopbers t:'lsewhere! " 
But it is vain for him to try to bri"g the conversation back to its 
former channel, :u}(l to rf'present how much better it would be to talk 
nonsense, " as any reasonable people would do in our place "-be has 
to yielJ; but the dialogue, often very lively, is represented tlHough 
the book as carried on by the gentleman with the wish to pay bis 
court under co\'cr of talking science; while the lady is ever on the 
alert to call him back to his ostensible theme when she finds him 
trying to wander frolll it. 'Ve must perforce omit this in giying only 
a part, and that chiefly Fontenelle's; but even in teaclång he will be 
found auytbing but dull. As his l}upil is as ignorant as she is intel- 
ligent, he begins at the 
ginning : 
"All philosophy, I said, is founded. on two facts, that we have 
curious minds and }wor eyes, for if your eyes were better you migllt see 
for yourself if the stars were SUllS lighting other worlds, or if, on the 
other hand, you felt less curiosity, you would not care to learn, w11ich 
would come to the same thing; but everybody wants to know more 
than he can see, and there is the difficulty. If we could ('ven see nn- 
mistakaùly what we see at all, that would l)e something gained, but 
we see quite wrongly, aIHl 80 your true })hilosophers pass their livl s 
in the unenviable condition of doubting what they do se(', ana trying 
to divine what they cannot. I a1 ways think of Nature as a great 
spectacle, something like the opera. Fron1 your opera-box you do 
llot see the theatre quite as it really is, for the scenes and stage-appa- 
ratus are arranged for eftèct at a distance, and they keep tIle weights 
and wheels which Plit all in motion out of your sight. Naturally, you 
ao not pay much attention to the principle on which all this works. 
But then, again, there may be a machinist down l)y the orchestra, 
who is pnzzled hy Fome stage-flight, which is unaccountable to 11Ïm, 
and who feels that he mnst find out how it was done. 
"The ]u:1chinist, yon observe, is something like the philosopheTs; 
but what makes the difficulty worse for tllem is, that ill N atnre's ma- 
chines the cords are all hidden-hidden so neat ly that 11eople were a 
long time conjecturing as to what ('am,ed the movements of the uni- 
verse. J nst imagine, for instance, Pythagoras, and your Platos and 
Aristotles, at the opera-they and all their kind whose names are 
in such reputation. Suppose that they saw the Tepresentation of 
Phaethon borne oft
 by the winds, that tbey could not discover the 
cords, and did not know what Jay behind the scenes. One of them" 
(the author is here giving' us samples of the })hilosophy still current 
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in his time) "
ays, 'Pltaetlwn is carried up by a lddden principle,.' 
another, 'Pltaetlwn is composed of certain nurr bers wIdell, rnake Ii im 
'rise,.' another, 'Plwetlwn !tas a certain attraction toward tliP top of 
tlte t!teatre).' and a hundred such vagaries, which I should havc su1'- 
})oscd would have cost antiquity all its credit. 
"inally, Descartes" 
(an Englishman would have said Bacon)," and somc other moderns, 
havc said, 'Phaetlwn rises because he is (ll.awn 'lip by cords, and because 
a !tea vier 'u'eigltt dcscends.' So now we have comc to belicve that, if 
a body move, it is becausc it is pusbed or pulled, and onc who could 
scc N atnre as it is would simply be sceing what is behind thc scenes 
at the o}wra." 
After this, Fontcnelle goes on to sketch the history of his scicnce, 
and thence to give an account of the Ptolemaic and other sYf'tems, 
which preceded the Copernican. IIere, again, a happy image reminds 
us of a danger all system-makers share, as common partners in a 
weakness which is as univcrsal as humanity: 
" Before I explain the first of these sy
tems, I beg JOU to remem- 
ber that we-all of us-are like a certain madman at Athens you may 
have heard of, who took it into his head that all the ships which camc 
into thc harhor bclonged to hint. Our common failing is to believe 
all Nature created for our own use, and whcn you ask our philosopbcrs 
what end is served by that host of stars, they will calmly tell you, It 
is there for us to look at.' In this way thcy could not fail to SUl)pose 
that the earth \Vas fixed in thc centrc of the univcrse, and that all the 
hcavenly bodies were set to revolve about her, and gi\'c her light; 
thc same propensity which lcads one to desire the most honorable 
Ecat at a cercmony makes the }1hilosopher ill his system put himself 
at thc ccntre of the universe if he can." 
It will be seen, as Sainte-Bcuve remarks, that FontcncHe p08
e8
cs 
the art of scientific insinuation in the highest degree; in addre
sing 
his marchioness, hc is here appealing to the intelligencc of cvery igno- 
- rant pcrson who, rather than resemble the Athenian madman, is cajoled 
into truth, and disposed in ad vance to reject Ptolemy's system, in 
fa vor of the Copernican. 
The account of thc Copcrnican system involves the (to the mar- 
chioness) entirely noyel idea of thc earth's rotation. This is pre
ent- 
ed to us in a lively picture of the scene which would be offered to a 
spectator suspendcd abo\.c the surfaee as the f'peaker imagincs him- 
self to be: '" Passing unc1í'r my eyes I see all sorts of faces, white, 
black, and brown. First comc hats, and t lwn turl)
ms, :111<1. then 
shaven crowns; now towns with church-spIref', now cities with slen- 
der, cresccnt-t.ipped minarets, now porcclain towers, and thel!. again 
wiele oceans and dreadful òesert
.' "Vh:1t,' s}w cries, 'then in the 
placc wherc we are-l don't mean this park, but. this very place in the 
air-there are people continually passing by, who come where we arc 
now, ana at the end of twenty-four hours we get back again our- 
VOL. x.-46 
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selves!' 'Copernicus,' I replied, 'could not understand it better.'" 
This novel theme continues to occupy them during their return to the 
house, and the first evening secures her belief for the new system. 
The next morning, on Fontenelle's sending to ask how the lady 
bas passed the night, anù to politely inquire whether sbe has been 
able to sleep while turning, he is assured that sbe has already got 
used to the motion, and was able to rest as soundly as Copernicus 
himself could Lave done. 'Vith so apt a scholar, progress is rapid, 
and, by evening, we fin(l them discussing the habitability of the 
moon, and the cause of the sun's light and heat. What is tbe view 
of our author (the subsequcnt secretary of the Académie des Sciences, 
and an authority in his day) on the source of supply for this immense 
e
penditure of the solar energy? What theory does he adopt-how 
was it accounted for in his time? Listen to the explanation of the 
luan who has just satirized so happily the fallacies of the schoolmen. 
It shines because "it is self-luminous in its nature." And this is 
given in good faith by Fontenelle as a reason! 
Clever as he is, he is here in the bondage of his age; but he rnight 
yet haye taken a lesson from a contemporary, who, though rn'etending 
to no 
 l)hilosophy," had seen anù laughed at the weakness of the 
learned of his time in thus making words do duty for facts. We 
reluember how the candidate for medical honOl's in the "l'Ialade Ima- 
ginaire," on being asked why opium induces sleep, replies to the de- 
lighted satisfaction of the examining Faculty that it is because it 
possesses a soporific quality! 'YllCn we see a man so acute as Fonte- 
nelle giving a precisely similar answer, with an obtuseness so plain 
to us, so imperceptible to him, can anything suggest more pertinently 
the need of watchfulness for traces of this legacy of ancient fallacies 
of thinking in our own modes of thought? 
The third evening is occupied with n. further discussion of the 
moon, and of Venus; on the fourth the other planets are considered, 
and reasons given for their possible habitability, some of which would 
hardly satisfy a more modern l)hilosopher. Thus, the ingenious but 
scarcely satisfactory suggestion is made that, in spite of the neigh- 
borhood of l\Iercury to the sun, that planet may be a comfortable 
residence, owing to the presence there of large quantities of salt})etre, 
a substance which (according to our author) gives out "cold exhala- 
tions" in the sunshine. Lest this idea be unacceptable to our skeptical 
age, it should be added that Fontenelle takes care to fortify his IJosi- 
tion by citing the case of China, large portions of which, it appears, 
in spite of a southern latitude, experience extreme cold, even to the 
freezing up of their rivers in July) on account of the existence of this 
ingredient in their soil ! 
The" vortices" of Descartes are here introduced and offered as an 
explanation of the motions of the Jovian satellites about tbeir pri- 
maries, and of the principal planets about the sun; and, in the next 
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evening, are applied to elucidate tbe constitution of tbe milky-way, in 
which worlds are, it seems, so thick that the plausible suggestion is 
made that their birds may fly from one to the other! 
The remainder of the work is chiefly occupied with a description 
of the heavenly bodies considered with l'eference to their possible 
habitants, and here Fontenelle is not likely to be found tripping, for 
as to the nature, ways, and modes of living, of the inhabitants of the 
other planets, he is quite as well informed as we are. 'Ye shall find 
here nearly all that can be said, in the simple absence of any knowl- 
edge whatever on the point in question, but we may ùe more reason- 
ably interested in the happiness of some conjectures offered, where 
he incidentally speaks of the physical constitution of the bodies he 
is considering. He tells us, for instance, that the rings of Saturn 
are supposed to be composed of numberless little moons, close to- 
gether, and moving in the same orl>it; an explanation which appears 
to have been lost sight of till modern analysis showed that they 
could not be continuous solids, and lllOc1ern observation that they 
could hm'dly be liquid or gaseous. 'Ve have passed over too readily, 
perhaps, the purely s})eculative portion of tbe work, which, if not very 
instructive, is certainly entertaining, and filled with felicitous illus- 
trations, such as that (too long for quotation) of the citizen of Pans, 
who maintains that St.-Denis, whose houses he can jnst distingmsh 
from the towers of K otre-Dame, is uninhabited, becau
e he can see 
no inhahitants. Or, for still another instance of this art of" scientific 
insinuation" already referred to, take the pa

age where the mar- 
chioness, after declaring herself dissatisfied with extr:1xagant specu- 
lations about the inhabitants of the planets, is told that something 
positive is, after all, real1y known about a race on one of them, anù 
which appears from his description to be remarkable ill<leed. lIe 
gives a minute, and, as :þe asserts, a trustworthy, account of these ex- 
traon1inary beings, wbo he would have us believe are most lahorious 
and skillful, yet live by pillage; who have no sex, yet increase as a 
nation; who subsist in the happiest concord, yet periodically 1m!. to 
death a portion of their innocent fellow-citizens; and so on, until the 
lady, who finds the story more incredible than any of the preceding 
speculations, on lean1Ïng what the race i
, amI on what planet they 
exist, is forced to admit that truth may be stranger than fiction, and 
that no extravagance of his fancies ahout the possible commonwealths 
of other worlds snrp:lsses what she has just been entr:l})ped into lis- 
tening to about that of the bees on onr own. 
Fontenelle, with all his abundant ingenuity, has one radical defect 
as a literary artist, and perhaps Borne win ùe disposed to adl1, as a 
student of X atnre. lIe appears to have no power of moving or being 
moved by anything like emotion, or of perceh ing anything not com- 
prehensible to an intellect divorced from E'ympathetic intuition. The 
. gallantry which he introduces as an dement in the dialogue, 3mI 
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which our citations do not undertake to illustrate, is filled, for in- 
stance, with ingenious conceits which, though falling coldly on mod- 
ern ears, were considered in the lUlI)piest taste by the audience to 
whom the book was addressed. But they are of an artificial clever- 
nes:;:, and precisely what we n1Ïght eXIJect ti-Olll the man who was said 
to have" as good a heart as could 1)0 made of brains." 
Sainte-Beuve has well indicated our author's strength and weakncss 
by comparing his clever opera-box view of Nature with that of Pascal 
in the majestic moyement of the awe-inspired })assage at the begin- 
iug of the" Pensées." 1 'Yhile agreeing to the judgment of the great 
critic, it may be observed, however, that, if Fontenel1e be deyoid of 
poetry, be has at least one image of a grace nearly allied to it. lIe 
has been speaking of the chances of the sun's light failing us wbolly, 
as it is said to have IJ::Lrtially done in the year following the death of 
Cresar, and pointing out, with what seems justice, the iml)erfect 
grounùs for the contidence of nlankind in the constancy of K ature's 
action here in the future as in the l)ast, founded as that confidence 
is on an experience of the human race-so long, judged by ils Efe, so 
short in compari
on with Nature's own. 'Ylth 3. sort of pathetic 
sense of the fallacy, he compares this little accumulated experience 
of the generations of mall to the traditions of some roses of a day, 
leaving each to its successor an account of the gardener in whom suc- 
cessive ages of tlJese el)hemeral flowers have seen no change. "1re 
have always seen tlte same gardener JO in tlte rnemory of roses none has 
been seen but hÏ1n J. 'lchat he has ever been, tlwl Iw is nO'lD: surely he does 
not (Ue as 'lL 1 C, or change." 
FonteneBe, throughout the" Conversations," adopts the Cartesian 
hypothesis of "vortices" in accounting for the planetary movements, 
and this, indeed, he continued to cling to long after. The true theory 
of gravitation had been given by N ewtoll, and obtained complete ac- 
ceptance in England. IIis more serious work is to be found chiefly 
in the well-known "Éloges," whid), as perpetual secretary of the 
French Academy of Sciences, he pronounced on its deceased asso- 
ciates; but it is probable tbat he win, nevertheles
, be remembered as 
much by these "Conversation
," which, bad they no other merit, 
would always possess an historical interest, as opening the way to 
our prest.'nt popular scientific literature. 
We should not close this imperfect notice of tl}em without again 
reminding the rea<.1er that the form of 3. dialogue gives the original 
an attraction which is nccessariJy missed ill brief extractf', and that 
the 1)lan on whic11 they thus }'est for uniting instruction and amuse- 
ment (a plan which obliges the imaginary speaker to be paying 
is 
court and talking science at tbe same time) would have l)een a. failure 
in almost any hands but those which could manage so difficult a 
blending, and keep as far from pedantry as from ridicule. FonteneIle's 
1 U Que l'homme contemple done la nature entière dans sa haute et pleine majesté," etc. 
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gallantry, like his science, may be now a little out of elate, Imt he 
manages at least to unite these two most opposite conversational 
ingredients in chemical union. 'Yhen the lady would send him ùack 
from love-making to astronomy, he contrives to giye both together, 
ana, consistent to the close, takes leave of bis charming scholar with 
the modest request that, as sole reward for his pains in teacbing hcr 
the heavens, sbe will neyer again look on sun, moon, or stars, without 
thinking of !time 


-..... - 


TIlE BALL-P AR.A.DüX. 


By THO
lAS S. CRAXE, 
IECHANICAL ENGINEER. 


T IlE exhibitors of the atmospheric ::tir-brake, at the Centennial, 
attached a tube to the air-reservoir for the purpose of showing 
the inlrnense pressure employed. 
The current rushing from the small orifice of the tube sustains 
balls of varying gravities, according to the !wessure applied. 
Once, on accidentally resting the base from which the tube springs 
upon something lying on the table, it was found that, although no 
longer vertical, the current of air still held the hall in suspension, tbe 
ball revolving rapidly, and apparently hanging to the jet of air, whith 
strikes the sphere at its upper side. 
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FIG. 1. 


It also makes little difference in the result whether the ball ùe a 
solid glass one an inch and a balf in diameter, or a hollow rubber 
ball, or a solid wooden one three or four inches in diameter, the only 
variation being t
 distance at whicll tIlC spherical body is held from 
the orifice. 
"Then a crlass ball with interior colored lines, such as children 
b 
play with, is gently held in the currcnt until the air has the sphere 
well in its power, it will rotate partly back and forth at first, and, 
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when really revolved by the force of the air, l1a5 an uncertain axis of 
rotation until it has been turning for some time. The jet of air will 
nlso sustain a larger ball of lighter gravity behind the glass one, the 
former hanging on the lower side of the jet behind the heayier and 
smaller one. 
These phenomena have excited so much attention that the follow- 
ing is offered as an illustration of the }winciples involved, and in ex- 
planation of the various points noted above: 
The current of air sustains the ball ùy removing the atmospheric 
pressure from the ball where it strikes it; the unbalanced pressure 
of the air on the opposite side then forcing the ban toward the cur- 
rcnt, as shown by the arrow markccl .Ð in Fig. 1. The friction of the 
jet J against the ball tends to throw it in the direction indicated by 
C. To balance these two forces, we have the action of gravity, shown 
at G, which, l}eing a constant factor, must be exactly neutralized by 
the forces named for the ball to remain suspended. 
This adjustment, nice as it is, can be easily cffected by placing 
the ball near enough to the jet at first; for, the pressure.Ð being 
ample to sustain the ball in any position (else tlw experiment cannot 
be performed), the force of the jet will in
yitably drive the ball away 
to a l)oillt where the power in that direction is just able to balance 
the force of gravity-the ball being evidently lifted, in spite of gravity, 
so long as it moves in the direction of the jet, and the force C natu- 
l'ally diminishing as the distance from the orificE' J iccreases. 
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FIG. 2. 


To make it clear tllat it is the ordinary atmospheric })ressurc tlwt 
supports the ball, let us imagine it exposed to two forces (as slwwn 
in Fio'. 2 ) actincr on O Pp osite sides of the sphere. The atmospheric 
. 
, b 
pressures that act on all other sides of the sphe.c are ignored, as 
they perfectly balance one another. 
If a ball B (Fig. 2) is secured to the top of a spiral spring S, at- 
tached to a platform P, and a jet of water V projected vertically 
upon it, the spring will be com}1ressed until its resistance is equal to 
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the force of the jet. In tbat position the ball resemblos a sphcre ex- 
posed to atmospheric })ressure above and below. 
N ow, let an horizontal jet of water II be thrown against the ver- 
ticaljct V; as shown in Fig. 3, and its action, opposed to tbe s})ring S, 
must cease at once, and tbe unbalanced pressure of the spring raise 
the ball into the position shown in Fig. 3. 
The situation of the ball in Fig. 3 is now equivalent to that in 
Fig. 1, where the air-jet J, passing over one side of the ball, calls 
into action the pressure D at right angles to the jet. 'Yere the 
sphere B in Fig. 1 placed in the centre of the jct, no such action could 
result; and, if the ball were placed there, its gravity "Would be un- 
balanced until the ball fell to one side of tbe jet, and the supporting 
!)ower of tbe air evoked. 
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FIG. 3. 


To pro\?e that a current of air moving parallel with any surface 
destroys the atmospheric pressure at that point, take a visiting-card 
and bend the ends at right angles with the card, so as to turn up onc 
quarter of an inch at each enll. N ow place the card near the cdge of 
a smooth table, supported by the two cll/Is like a little bcnch, ana 
try the effect of blowing violently betwecn the card and the table in 
a direction parallel to both. The current will destroy the atmospheric 
pressure beneath the card, and the unbalanccd prcssure aboye will 
force the middle of the card downward. Or, take another card and fit 
a quill or straw tightly into a hole cut in the centre. Try to displace 
another card laid loosely ovcr the first by blowing upward against it. 
If a pin is stuck through the centre of thc second card, into the open- 
ing of the quill, to keep it from sliding off, it will be found that no 
cffort will blow the upper carù from tIle first, as the current of air 
passing out between the cards destroys the atmosphcric prcssure be- 
tween them, calling into playa force upon their .outside surfaces that 
presses them tightly together. The arrangement of tbe cards is 
shown in Fig. 4. 
It is thus evident that a pressure perpendicular to any surface can 
be displaced by one acting parallel to it. 
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An experiment illustrated in Fig. 5, and successfully performcd 
while writing these lines, will settlc aU doubts, if any remain, upon 
this puzzling point. 
Attach a pith-ball to a short piece of thread, and, knotting the 
other cnd, slip the knot in a slit in one cnd of a quill so as to secure 
it firmly, and retain 
he ball about an inch from the other end of the 


'f 


FIG. 4. 


quill, as shown in Fig. 5. N ow blow through the quill Q steac1ily, 
and thc hall B can be made to JJang from or upon the under side of 
the jct J, bcing prevcnted by the string S from blowing away, and 
the atmospheric pressure A balancing the gravity G of the light ball. 
As the atmosphcre prcsscs nearly fifteen pounds upon a square 
iuch, a bnll one-quarter of a pound in weight would be balanced by 
thc full prcssure of the air npon a surface only iõ of an inch in area. 
It remains to notice the rapid revolutions of the ball and its uncertain 
axis of rotation when first suspended in the jet. 
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FIG. 5. 


Few balls being perfectly round, or of uniform density, will revolve 
on their own centres under such conditions, but on the shortest axis 
passing through their centre of gravity (seldom the centre of form). 
It is easy to show that all bodies freely suspended tend to revolvc 
on their shortest axis, by tying a string a yard long to a door-key, 
just undcr the head, so that "'it will JIang nearly verticaL Iftbe string 
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be now rapidly twisted by the thumùs and forefingers of both IJandEl, 
the key will aSSUDle an horizontall)osition, and the t;tring rcvoh c in 
the forlll of a cone. 
The friction of the jet mU8t, thcrcfore, tellJ to rotate a ball on an 
axis at right anglcs to the path of the jct, anJ, if this axis is not the 
shortest onc passing through its éentrc of gravity, bcvcral o1:ìcillations, 
back and forth, must occur bcfore thc necessary adjustmcnt is madc. 
'Vhcn two balls of different densities are sustained by thc same 
jet, it se('lllS plain that each is 
mstained by the prcssure of the air on 
the side opposite to the contact of the jet, for it is cvident tbat, farther 
from the orifice, the jet has less powcr to displace tbe atmospheric 
pressure, and at that point the lighter ball only can be sustained. 
In its rapid revolutions in Buch a jct of air as we bave de
criùed, 
a light and hollow India-rubbcr ball affords a beautiful illustration of 
the flattening of the earth's polcs by its revolutions on a free axis. 


". 


L.A..BORATORY ENDOW
[EXT. 


By F. W. CLARKE, 
PROFESSOR OF pnYSICS A
D CHEl1ISTRY IY THE {;,
I'\"ERSITY OF CINCIXYATI. 


T HE advanccment of science is at once a glory and a disgrace to 
our modern civilization. It is glorious tbat so much has been 
done, but disgraceful t.hat the public sbould be so often indifferent to 
the doing. In view of tbe benefits derived from scientific f('searcb, 
it would seenl as if governments and communities ought to vie with 
one another in its encouragement. TIut, as a matter of fact, this a

i
t- 
ance has in evcry country been un::.-;ystematic, meagre, partial, and 
infrequent. 1.\ museum may be equipped, perhap
, an cxploring 
expedition fitted out, a geological survey e
ta ùlisllcd, or a party of 
astronomers sent forth to observe an eclipse or transit. Even these 
things are too often done grudgingly, and on a basis of false econ- 
omy. Physics and chemi
try, the two sciences most immediately 
bound up with modern progress, have received little or no public aid. 

 0 laboratory cxclusively for rescarch lias yet been endowed either 
by national or private enterprise. Colleges enough bave been 
founded, with laborat
ries more or less fitted for the work of routine 
instruction; but these are manifestly unsuited to the production of 
remarkably far-reaching results. Every great industry in ...\merica 
has been dircctly benefited either by one or the other of the two sci- 
ences in question; fortunes }Iave been madè from practical applica- 
tions of thcir principlcs, and yct scarcely anything has been done for 
them in return. It would seem as if our manufacturers expected to 
get applicatiolls of science without any science to apply. N early all 
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the research accomplished, either in our own country or in Europe, 
has been done by uniyersity or college professors, in the intervals 
between their regular duties, as an incidental matter, and usually 
with meagre appliances. Two results ha\'e followed: first, much 
wasting of individual energy; and, secondly, a lack of coherence in 
tbe knowledge won. The data of science become unsystematic, scat- 
tered, full of gaps and breaks, more like an archipelago than a conti- 
nent. A thousand investigators, working independently and with 
but casual reference to each other, may discover a vast number of 
important facts, advance many useful arts, and yet accomplish but 
little for definite, exact, systematic, coherent science. The world 
gains much 
y tbeir labors, but only a tithe of what it might gain 
were those labors wisely aided and fostered. For the present state 
of affairs, however, nobody is to Llame. It is probably an unavoid- 
able incident of scientific growth. A wider })ublic culture and a 
deeper public appreciation will undoubtedly correct it. Looking 
forward hopefully, then, we may ask how the greatest good is to be 
done. 
That the two sciences already mentioned are much in need of 
material encouragement, there can be but little doubt. They are 
{'xperimental sciences, requiring for their advancement expensive ap- 
l)aI'atus and materials, such as individual students cannot provide for 
themselves, or few universities supply. Other branches of knowl- 
edge have been better pro\Tided for. Every oùservatory is to a cer- 
. tain degree a laboratory for astronomical research; every well- 
arranged museum affords opportunities for the scientific naturalist; 
every geological survey is ostensibly an organization of investigators. 
But a college laboratory, full of elementary students, each calling 
for personal attention fronl the professor, can hardly supply the best 
means for real1y advanced work. To be sure, every professor ougLt 
to do something, if only.to discover a single small fact a year. Even 
though that fact be a hopeless negative, it will still IUlve a true sci- 
entific value. 'Yhen we question K ature, every answer, whether yes 
or no, counts for something in the upbuilding of science. Every 
man who is fit to teach science at all is cOIDl)etent to do at least a 
little in this direction. A little also may be accomplished by stu- 
dents; such work, for example, as the determination of densities, or 
completing the description of simlìle compounds. In one laboratory 
special attention might be paid each year to a single cl::t
s of not 
over-complicated substances; and the advanced students could for 
that class fin up some of the gaps in our knowledge. But this 
work, although of immense value to science, is not of the very high- 
est order. The most important labors can scarcely be undertaken 
save in laboratories sl)eciaHy and liberally cndowed for purely scien- 
tific research. 
The objections which are frequently urged against the endowment 
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of research arise from a misconception of what is rcally intended. 
It is on
inarily assumed that such endowmcnts woul<1 mcrely pro- 
vide large salaries and abundant leisure for certain scientific men, 
who, with no clearly-defined duties, and no distinct relation to each 
other, should try experiments at their own Rweet wil1, and make dis- 
coveries whenever luck and chance were favoraùle. Such a vaO'ue 

 
plan for aiùing science would of course be objectionable. K ot only 
might the so-called "young men of promise" become depri\red of 
energy by the case of such positions, but even eXl)crienced workers 
would be liahle to regard their salaries as the means of comfort with- 
out hard labor, or as a reward for past achievements. The money 
thus expended might advance science a little, ùut probably not so much 
as if it were paid over to some first-rate college or scientific school. 
Science is not to be truly encouraged by the creation of mere sine- 
cures for scientific men. To construct an argument, however, against 
such a plan as the one mentioned, would only be to dcmoli:,h a very 
clumsy man of very coarse straw. A true laboratory for research is 
something quite different from the featber-bed institution commonly 
objected to. 
That there slwuhl be facilities for research, and that the investi- 
gator deserves a livelibood, nobody will deny. Indeed, these two 
points form an almost conclusive argument in favor of the endow- 
ment of laboratories. There is yet another consiùeration of very 
great force with which the public mind is less familiar. Doth in 
chemistry and in physics there ::tre many unsolved problems too great 
for individual students to grapple. Their solution can be effected 
only by the coöperation of many trained specialists, working harmo- 
niously together npon the basis of some definite plan. The funda- 
mental principles of physical science, principles upon which re5lt many 
applications important ili the ::trts, and in which every manufacturer 
has a direct although too frequently unconscious interest, are to be 
eventually ba
ed upon the answers to these problems. In nlany a 
branch of industry thousands of dollars have been spent upon sci- 
entific eXI}erÍments, which, for want of funllamental principles, have 
been aimless and unsystellliltic. ::Uere tentative trials, C08t1y and 
laborious, with almost even chances for an(l against suC'ceRs, l1a\ 0 
taken the place of rigorous, careful, strictly scientific work, based 
upon definite and certain foundations. In short, the arts h:we suf- 
fered from the fact that neither cbemistry nor physics can yet claim 
to be really an exact science. The question of the endowment of 
research, then, may ,yell be put in this shnpe. Laboratories shouI<J 
be established in which adequate corps of thorough Sl}ecialists s11all 
coõperate in those investigations which individuals cannot uIHIC'rtnke. 
In a laboratory organized upon this idea, e\"ery 'Worker sllOulù be 
assigned to definite, positive duties, the accurate and careful perform- 
ance of which would eventually be sure to aùvance exact knowledge. 
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Here there is nothing sl)eculative or doubtfu1. Here are certain 
thingt; to be done, which can be done only by men of the most thor- 
ough training, equipped with the best appliances. In such a labora- 
tory, chance would have but little place. The work would run to 
hard routine, to the soli<l establishment of accurate scientific data, to 
the systematic determination of substantial facts. Precise physical 
measurements would precede generalization, just as the labor of the 
quarryman goes before that of the builder. Startling and brilliant 
discoveries might possibly be made, but incidentally rather than as 
the result of s!)ecial effort. The real value of the institution would 
be independent of anything sensational, and would rest upon consid- 
erations of the most severely practical kind. 
_ Examples of the sort of work ap})ropriate to an endowed labora- 
tory may easily be found. For instance, one of the greatest of all 
scientific problèms is that of the connection between the com})osition 
of a substance and its physical properties. Suppose this question 
were to be taken up systematically by a well
organized body of in- 
vestigators. The first step in the reseal'ch would manifestly be to 
determine, carefully and with the utmost rigor, the physical})roper- 
ties of the so-called chemical elements. At the outset each one of 
these substances would Ilave to be isolated in quantity, and in a chemi- 
cally l)ure cOlldition-a labor which of itself would involve a great 
::unount of research. Some of the elements have never yet been seen 
in a state of absolute purity, or have heen obtained only in very 
minute portions, and accordingly new methods of treatment would 
need to be devised. Then would come the measurement of physical 
relations, thermal, electrical, optical, magnetic, n1(
chanical, and so on. 
For each clement, as far as possible, should be determined the melt- 
ing-point, the boiling-point, the density, the, coefficient of expansion, 
t!)e specific anc1latent heat, thermal and electrical conductivity, the 
thermo-chemical constants, mH.l many other data of much importance 
and value. Furthermore, these constants shoulcl be determined under 
widely-varied conditions, notably of prpssure and temperature. :F'or 
example, it would be necessary to ascertain the coefficient of expan- 
sion, and also t])e specific heat of a l)oc1y at every degree, through a 
wide range of temperatures, and in not merely one, but in several 
series of observations. Thus, and thus only, could we attain to the 
exactness which science rigidly demands. Besides the actual meas- 
urements, this great labor would in many cases involve the compara- 
tive testino- of various methods of research. and in some instances the 
b . 
invention of new experimental processes. 
Years could be spent upon the metals alone, and the work done 
would add not only to our knowledge of tl)eir properties, but also 
much to science as regards variety and precision of methods. In 
connection with these researches would naturally arise an investiga- 
tion of metallic alloys-a subject of which true science knows as yet 
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very little. The material accumulated would undouùtcdly so system- 
atize and (>xtcnd our knowledge of the
(' important sul)
tance
, tllat 
we should soon be aùle to determine in advance all the prol)erties of 
a proposed alloy, and even to ascertain 1)y calculation what alloys 
could or could not ùe formed. The extent of ref-earch IJere Imggcsted 
may be realized when we remember that, out of the sixty-five cle- 
ments now known, not one has been thoroughly described, or de- 
scribed with evcn a moderate approximation to thoroughness. These 
investigations upon the elements would be for chen1Ï
try and phys- 
ics wbat the preparation of star-maps and planetary tables is for 
astronop.1Y, or the di
section of the human frame for medicine. They 
would certainly furnish a foundation for exact physical science such 
at at lwesent is scarcely even begun. 
After the examination of the clements would come the consider- 
ation of compounds. These should be taken up, series Ly beries, in 
some regular order, and at least every typical body tarefully de- 
scribed. Thus, step by step, the lines of assault would be drawn 
around the besieged problems, until at length tlw citadel would 
yield, exactness would replace the pre
ent clJao:-:, and definite laws 
would stand where now are 
peculations. Could any branch of 
applied science fail to reap a benefit from this result? ,y ould not 
every industr:v. in any way dependent upon either chemistry or phys- 
ics be helped? Apart from direct applications of science to the 
arts, the mere substitution of accuracy for inaccuracy in questions of 
scientific principle ought greatly to facilitate technological iuyestiga- 
tions, put new weapons into the hands of the artisan, and so add 
immensely to the resources of civilized lif('. 
The investigations here indicated are not by any means the only 
researches proper for an endowedlabol'atory. Tbey are merely tYl)(
S, 
to illustrate the general character of work which such an institution 
should do. It is true that, although individuals cannot deal with these 
greater problems in their entirety, indiviùuals may, wOlking -Eeparate- 
ly and disconnectedly, contribute nnlCh toward their solution. nut, 
unfortunately, researches of this kind are among the most difficult and 
arduous. They savor much of hard routine a.nd yield no quick return 
of glory to the investigator, who, already familiar with monotony in 
his ordinary duties, naturally prefers to undertake labors producing 
with less effort a more immediate reputation. The di:,cov('ry of new 
compounds is less troublesome, and brings speedier celehrity; ])enee 
the more solid work of establishing accurate numerical data is very 
little done. When done, it is done piecemeal. Garden flowers are so 
much easier to raise than oaks. 
Now, assuming that a laboratory for research ought to be established, 
let us consider some of the leading questions as to its arrangement 
and organization. First, with regard to the building. This neea not 
be very expensive, since architectural experiments have no necessary 
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connection with the purposes in view. It should be plain and substan- 
tial outwardly, sufficiently spacious within, accessible to much sun- 
light, and away fI'om the heavier jar of traffic. The suburbs of a great 
city would be perhaps the most ad vantageous position for it to occupy. 
The most serious considerations, however, would concern its interior 
arrangements. It should, of course, contain a sufficient number of 
rooms for the accommodation of different branches of research; for ex- 
ample, a photometric room, another for gas analysis, a third for elec- 
tric measurement, a fourth for calorimetríc work, and so on. In tbe 
basement, connecting with the solid earth, might be l)laced a number 
of heavy stone piers for the support of very delicate instruments. 
One important item of apparatus would ùe a steam-engine. This, 
fogether with tbe chemical furnaces and a small machine-shop, might 
be provided for in a cheap out-building apart fronl the main structure. 
Steam, gas, and water, should of course be available in all parts of the 
laboratory. 
TIut although expense could be avoided in the building, it ought not 
to be dodged in the l)urchase of instrumC'Dts. These woul(l necessa- 
rily be of the most costly character. J\Iere models, such as are com- 
nlonly used for class instruction, would not suffice. Every instrument 
of precision used in the laboratory should l)e a stanl1ard of its kind, 
the best which could be made; otherwise the work of the institution 
might fall short 'of the high character "intended for it. So also with 
the chemicals: only the best should be tolerated. .As for a library, 
fitted for scientific reference-work, the cost would del)end much upon 
locality. In a country town, away from other collections of books, 
the expense would be considerable; but near a city provided with 
1ibraries the outlay need not be very great. Still, some money would 
have to be expended in this very important direction. 
Next as regards the working-staff. Since the researches to be 
undertaken arc mainly tlwse which involve the coöpcration of special- 
ists, we mURt start with a sufficiently large and. varied body of men. 
At the head of the institution there ought to be a man of thorough 
tl'ainil1g, proved ability, broad general ideas, ana great executive 
capacity. He should guide and systematize all the work of the labo- 
ratory, and to him, as to the director of an observatory, the others 
should be subordinate, Under him should be at least the following 
corps of principals: one chemist, onc electrician, a specialist in heat, 
another in optics, a mathematician, and an cxpert mechanic. Upon 
the hu;;t-named individual would devolve the duty of constructing, 
altering, or repairing apparatus. To this main staff might be added 
assistants, as many as the means of the laboratory would allow. Some 
of these minor positions could perhaps be filled by means of fellow- 
slÜps, analogous to those recently established by the Johns IIopkins 
University. It might be feasible also to admit private investigators 
and post-graduate students to the advantages for research afforded 
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by the laboratory, with the understanding that, in return for favors 
received, they should contribute a certain amount of laùor toward the 
main purposes of the institution. Such volunteers, if I may call them 
so, could give, say, one-third of their time to this general work, and 
have the remaining two-thirds for their own investigations. Thus the 
laboratory might often aid young men of promise ftnd ability, and 
deri ve real benefit from them in return. This l>ower of encouraging 
and directing the beginner in research would not be least among the 
merits of the institution. For want of just such encouragement many 
and many a young enthusiast is driven out of scientific work into some 
field of labor less congenial and often less important. How much the 
world has lost in this way, how luuch science has been retarded, no 
one can ever estimate. 
But how much 
oney is needed for all this? That depends partly 
upon locality, partly upon other circumstances. In a place where 
building is cheap, real estate low, and living inexpensive, a moderate 
endowment would go much farther than in a city like Boston or New 
York. Under the most favorable conditions perhaps half a million 
dollars would suffice. Such a sum is by no means extravagant. 
Single individuals have given us much and sometimes a great deal 
more toward the establishment of a college, school, art-gallery, ob- 
servatory, library, or hospital. 'Yhy not, then, half a million for a 
laboratory, three-tenths or less to go for building and equipment, 
and the remainder for permanently endowing the institution? Even 
a million would not be too much by any means. There are in our 
country a good many men aùÍe to give as much as thi
, who:-:e fortunes 
have been mad8 from apl?lications of science to tIle arts. IIere, then, 
is a chance for them to reciprocate a little, and at the same time to 
cover themselves with at least posthumous glory. Or, the expen
e 
might be borne by Government. A hundred and fifty thousand dol- 
lars down for building and outfit, with twenty-five or thirty thousand 
dollars annually for sustenance, would do very well. If it is l'ight 
for Congress to equip transit expeditions in the interest of astronomy, 
it would certainly be right thus to assist the two sciences to which 
our greater industries are so deeply inc1el)te.cl. In fact, the United 
States can better afforcl to incur this very moderate expense than not 
to incur it. In the long-run the laboratory would be worth as much 
to the country as either the Naval Observatory, the Coast Survey, or 
the geological expeditions-all, hy-the-way, excellent enterprise:-:,. 
which have received, if anything, less encouragement than tI1ey Lave' 
deserved. The development of science in a nation means e,.elltually 
the discovery of new resources and the creation of new wealth. 'Yho- 

ver doubts this statement needs only to look at the past achievements 
of physical science in order to be fully conyincec1 of its truth. 'Yhat 
national investment ever brought in richer returns than that famous 
grant made l)y Congress to S. F. B. 
lorse? 
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Should the proposed laboratory, if established, be Independent, or 
connected with some other institution? That would depend upon a 
variety of circumstances. If endowed by the United States Govern- 
ment, it surely ought to be connected with and controlled by the 
Smithsonian Institution. Even an endowment contributed from pri- 
vate sources might well be placed under tbat management. For the 
Smithsonian Institution is really a magnificent example of a great 
trust splendidly administered. Both financially and as regards the 
intel'ests of science the managers of this institution have done aùmi- 
rably. JHoncy placeù in their hands would certainly be well spent. 
Every dollar would be so handled as to })l'oduce the maximum good 
effect. A laboratory under this control, whether publicly or privately 
endowed, would assume a national character, and might serve as a 
centre of coöperation for inyestigators in an partR of our country. 
Leaving 'Vashington out of account, a laboratory for l'esearch 
might perhaps he best established in connection with some good uni- 
ver
ity-like IIaITard, Yale, Columbia, 1\Iichigan, or Cornell. It 
would then be already provided with a library and a ùuilding-Iot, 
some apparatus at least would ùe rcady to hand, and a strong social 
clement would aid in the attraction of scientific men. 
Ioreover, with 
such affiliations, the lahoratory woulcl often be ahle to secure good 
volunteer work from advanced or post-grad
late students; an adyan- 
tage by no means to be t1espised. 
But it is lJardly worth while to multiply suggestions. Enough has 
been said to show distinctly the main Iwints in favor of a laboratory 
specially endowe(l for research, and some of the chief considerations 
which must arise in its establif\11illent. Such a laboratory as is here 
indicated, a lahoratory in which many specialists could combine forces 
in the more difficult fundamental investigations of physical science, 
surely ought not to remain long a mere fabric of the imagination, a 
n1isty dream of the future. It should 11(' founded-whetlJer by an in- 
diyidual or by the nation it ll1atters little. Let us hope that, before 
many years pass by, the dream may become a reality. 


t.t . 


THE ORIGIN AND CURIOSITIES OF TIlE ARADIC NU- 
l\IERALS. 


By D. V. T. QUA. 
I N an article on the" Origin of the Numerals," pub1isbed in TH
 
POPULAR SCIENCE l\IoNTHLY for January, 1876, the writer re- 
marks: "Ilaying never met with any explanat.ion of the origin of 
the numerals, or rather of the figures symbolizing them, perhaps I 
am right in supposing that nothing satisfactory is known of it." 
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The history of the .Arabic or decimal notation is somC\\ hat as 
follows: The characters of this notation were illtrO(]uced into Euro}le, 
during the tenth century, lJY the Crusades. From the Arabic, th
::;ê 
characters have becn traced to the sacred hooks of the Brahmans 
of India. It was long- 8upposed that for our modern arithmetie we 
were indebted to the Arabians. But this, as we have seen, is not th(: 
case. The Hindoos communicated a knowlcdge of it to the .Arabi- 
ans, and we have heen unaùlc to trace it beyond tl1(' IIindoos: hence 
we mu
t concede the honor to them of its invention. 
To the Arabians, however,. belongs the honor of introducing arith- 
metic into Europe. It was the Arabians who took the torch from 
the Ot'ient and passed it along toward the Occident, wheu "westward 
the star of. empire took its way." 
Thl' origin of the charactcrs came, undoubtedly, from the fact that 
the Orientals first learned to count on their fingers and thumbs, and 
f,.om this originated the ten characters employed, and originally callcd 
digits, from the Latin word digitus, signifying finger. In keeping 
accounts among the Oriental." one mark represented one finger, ur 
number, thus: /. Two horizontal marks, with a connecting line, 
stood for two, thus: Z. Three horizontal marks, with connect- 
ing lines, would stand for three, thus: 3; and four marks in the 
form of a square, or a triangle, would stand for four, thuR: 0 4. 
Five marks in this form, 5, was the original figure five in this 
notation; six marks, thus, 5. the original figure SIX. Th
 
figure seven was made hy marks representing two f'<]nares with one 
of the lines wauting, thns: ËS. The figure eight was made by 
placing two sqnares near each other, thus: 8; and nine hy :"og 
úne more mark to the two squa,'es r
pres
nting eight, thns: 9' 
The zero, or cipher, was originaI1y a circle, and speros to have come 
from countinO' around thc finO'ers and thumb!'. lIenee, oncc around 
ö 0 
was denoted by one finger, or character, representing one, thus: 
J and 0; twice arouud, by Z and O. From this last ar- 
'\""OL, x.-47 
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rangement seems to have come the fundamental law of the decimal 
notation in which its superior uti1ity cOllsists, and upon which quite 
recently Jjas Leen uased the metric sYðtelll of weights and rnem,ures. 
By placing any of the digits in the })lace of the zero to make the 
numbers between ten and twenty, we have thc law cstahlisheò. The 
science of arithmetic, like all other sciences, was "Very limited and 
imperfect at the beginning, and the successiyc st
ps by which it has 
reached its present extension :lJld perfection l1ave bcen takcn at. 
long intervals, and among different nations. It bas been dcveloped 
Ly the nccessities of business, by the strong loye for mathematical 
scicnce, and by the call for its higher offiees by othcr science
, e8})C- 
cially that of astronomy. In its progress, we find that the .Arabians 
discovered the method of proof Ly casting out the 9's, ax
d that the 
Italians early adopted the }H'actice of separating numbers into periods 
of six figures, for the purpose of enumerating them. The propcrty 
of the num uer 9 afford
 an ingenious method of proying each of the 
fundamental operations in arithmetic, and it seems to be an incidental 
attribute of this number. It arises from the lau; of incrreose in the 
decimal notatioll. It nnivl.rsally bdongs to the number that is one 
less than the radix of the 8ystem of notation. And in this connec- 
tiùn it may not be irrelevant to state some facts or curiosities with 
regard to this number 9. It cannot be multiplied away, or got rid 
of in any mannCJ.. 'Yhat<>ver we do, it is snre to turn up again, as 
was the body of Eugene .L\ram's victim. One rcmarkable property 
of this figure (said to have uN.'n diseon'red by ,Yo Green, who died 
in 1704) h:, that all throngh the multiplieat ion-ta 1,1e tIle ]H"oduct of 9 
comes to 9. :\Iultiply any number by 9, as 9 x 2 == 18, add the digits 
togrther, 1 + 8 == 9. So it goes on until we reach 9 x 11 == 99. 
'T ery well-add the digits 9 + 9 == 18, and 1 + 8 == 9. Going on to 
any extent it is impossible to get riù of the figure 9. Take any num- 
her of examples at random, and we ha,-c the bame result. }'or in- 
stance, 339 x 9 == 
,051. Add the digits 3 + 0 + 5 + 1 == 9. Take 
one more, 5,071 x 9 == 45,639, and the snm of the digits, 4 + 5 + G 
+ 3 + 9 == 27, and 2 + 7 == 9. 
The French mathematicians found out another queer thing al)ouL 
this number, namely: if we take any row of figures, and, reversing 
tlwir oròer, make a Ruhtraction, and adJ the digits, the final sum 
is sure to be 9. For exampl(>, 5,071 - 1,705 == 3,366; add thes(> 
rligits 3 + 3 + 6 + 6 == 18, and 1 -+ 8 == 9. The :5ame result is ob- 
tained if we raise the numb('rs so changed to their t5qnarps or cnbes. 
Rtarting with 62, and r<>ver8ing the digits, we have 26, then 62 - 26 
== 36, and 3 -+ 6 == D. The squares of 26 and G2 are respcctiy('ly 
676 and 3,844, ana 3,844 - 676 == 3,168; add 3 + 1 + 6 + 8 == 18, 
and 1 -+ 8 == 9. This may be exemplified in another way. 'Yrite 
down any number, as, for example, 7,549,132, subtract the 8um 
of its digits 7 + 5 + 4 + 9 + 1 + 3 + 2 == 3], and 7,549,132 - 3] = 
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7,549,101. Add these digits, 7 + 5 + 4 + 9 + 1 + 0 + 1 = 2.7, and 
2 + 7 = 9. 
But we have extended already th
::; article to a greater length than 
we intended, simply wi
hillg to give the origin and history of the 
decimal notation as far as it can be traced, and will close by stating 
that this notation is every way adapted to the practical operations of 
business, as well as the most ahstruse mathematical investigations. 
In whatever light it is \'iewed, the decimal notation mnst he regarded 
as one of the most striking monuments of human ingenuity, and its 
beneficial influence on the progress of science and the arts, on com- 
Inerce and civilization, must win for its unknown author the everlast- 
ing admiration and gratitude of mankind. 


... 


TIlE SOIE
TIFIC LATIORS OF 'VILLIAi\I CROOI\:ES. 


A )IO
G the active and successful scientific workers of England, 
at the present time, the gentleman whose portrait we give this 
month is one of the foremost. Though only in the meridian of his 
mauhood, he has made two discoveries -those of the metal thal- 
lium and of the radiometer-which will immortalize his name; while 
his minor !abo.rs in the field of science, both in the laboratory and 
in the editorial office, are in an unusual degree important and 
valuable. 
'VILLIA
I CROOKES was horn in J....onclon, in 1832. IIi
 scientific ca- 
reer commenced in 1848, when he entered the Hoyal College of Chem- 
istry aq a pupil of the distinguished chemist DL'. Hoffmann, now of 
the University of Berlin. lIe had gained the .,.:.\shhurton scholarship 
at the age of seventeen. After two ycars of study, Dr. Hoffmann 
appointecl him, first, his junior, and then his senior assistant, which 
post he held until 1854, when he went to Oxford to superintend the 
meteorological department of the Radcliffe Observatory. In 1855 he 
was appointed Teacher of CllCmistry at the 
cience College, Chester. 
In 1859 he founded the Clwm.ical .LYÒcs, and in 18G4 he became ('t1Ïtor 
of the Quarterly Journal of S('ience. 
::\11'. Crookes's researches were begun w bile at the TIoyal College 
of Chemistry, his fir
t paper, "On the Seleno-Cyanides;' being pub- 
lished in the Quarterly Journal o.f tlte Cliemical Society, in 185l. 
Since then he has been almost uninterruptedly engaged in priyate re- 
search on suhjects connected with chemistry and physics. 
In 1861 ::\lr. Cr00kC's discovered, by lllC'fins of Rpectral ob:o:en'a- 
tions aml chemical reaction
, the metal thallium; find in June, 1862, 
and Fehru:1ry, 1873, he laid before the Royal Societ)' an account of 
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its occurrence, distribution, antI the method of extraction from the 
ore, togethet' with its physical characteristic
 and chemical proppr- 
ties. lIe also discussed the position of thallium among elementary 
hodies, and gave a series of aualytical notes on the new metal. Ill, 
the Jowrnal of tlte Cltel/dcal Society for April, 1864, he collated all 
the information then extant, both frOlll his own researches and from 
those of others, introducing qualitative anù quantitative descriptions 
of an extentled series of the sa1ts of the metal. In June 18
2 11(' 
, I, 
laid before the Royal Society the details and results of eXIJeriments 
which had occupied much of his time during tlJC pl
evious eight year
, 
and which consisted of laburious l'esearches 011 tlw atomic weight of 
thallium. 
In 1863 :\lr. Crookcs was elected a Fellow of the Royal Society, 
In 1865 he disco\'ered the sodiunl amalgamation }Jrocess for separat- 
ing gold and f'ilver from their ores. (This process was discovered in- 
dependently, allò at about the same time, hy Prof, Jlenry 'Yurtz, of 
New York.) In 18GG he was appointed hy the English Government 
to inquire into and report upon the 3.})plicatioD of disinfectants in ar- 
resting the spr('ad of the cattle-plague then prevalent in England. In 
1871 he was selected as a member of the English expedition to Orall 
for observing the total phase of the solar eclipli1P which occurred in 
December of that year. 
l'tlr. Crookes commenced bis research on "Repubion resulting 
from Radiation" in 1872. TheRe experiments were suggested l)y 
some obsen'ations Blade when weighing heavy pieces of glass ap- 
paratus in :\ va'cuum balance during his researches on the atomic 
weight of thallium. IIis first })al)er on the subject was rcad before 
the Hoyal 80C'iety on December 11, 1873 1 anù during the last three 
years 1\11'. Crookes has sent six other communications to the society 
on the same suhject. The construction of the radiometer is one re- 
sult of his iuyestigation. At fir
t it was thought that the movement 
of the vanes in the exhausted bulb was due to radiation, for no moYe- 
ment took place until the vacuum was so good as to be almost beyond 
the powers of an ordinary air-pump to produce, and as the yacuum 
got more and more absolute, so the force increased in power; hut 1\lr. 
Crookes soon found that at a rarefaction 
o high that the residual gas 
was a non-conductor of nn induction-current, there wa.s enough matter 
present to produce motion, and therefore to offer resistance to mo- 
tion. That this residual gas was not a mere accidental accompani- 
ment of the phenomena was rendered l)robable both hy the experi- 
ments of Dr. Schuster and by that of 1\11'. Crookes, on the movement 
of the floating g1åss ca
e of a radiometer when the arms are fixed by 
a magnet, which was demonstrated to the Royal Society on l\Iarch 
30, 1876. 1\lr. Crookes has since constructed a special apparatus for 
measuring the vacuum. A vertical plate, instead of continuously ro- 
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tating in one direction, as in the ordinary radioruett.r, iE: bu
p('nded hy 
a glass fibre, which it twists in opposite directions alternately; The 
movement is started by rotating tbe whole apparatus through a small 
angle, and the obseryation con
ists in noting the t:iucccssive ampli- 
tudes of vibration when the instrument is left to itself, a mirror and 
spot of light þeillg cmployed for this purpose. Thc results of thtSC 
experiments leave no reasonable doubt that the repulsion is due to 
the internal movement of the molecules of the residual gas. 
In 1875 :Mr. Crookes received the award of a Royal medal from 
the Royal Society for his various chemical and physical rebearcbe
; 
and in 1876 he was elected 
 Vice-President of the Chemical 80- 
ciet y. 
Previous to his researches on "Repulsion," .Mr. Crookes began to 
inv
stigate so-cål1ed spiritualism. As far as it extended, his inquiry 
into the slibject convince(l him that certain rhenomena obtained 
under te.st C\onditions in his own honse were due neither to trickc:, 
mechanical arrang{:'ments, nor to legerdemain. lIe inclined to the 
opinion that' the "medium" possessed what 
Ir. 
ergcant Cox calls 
psychic force, hut he had arrived at no definite conclusions as to the 
cause of the ph{:'nomena when he decided to discontinue their in- 
vestigation. 
1\11'. Crookes is the author of "
clect 
lethods in Chemical .Analy- 
sis," of "The 
Ianufh.cture of Beet-Root Sugar in England," and of 
a "Handbook of Dyeing and Calico Printing." lIe is also joint 
author of t.he English adaptation of Ker!'s "Treati
e on .l\Ietallurgy." 
lIe has edited and enlarged.the last two editions of )Iitchell's "Manual 
of Practical .Assaying," and translated into Engli
h and edited H.ei- 
mann's "Aniline and its Deri\-ative:-:," 'V agner's ,; Chemical Tecb- 
nology," and Auerbadl's "Anthracen and it!5 Derivatives." 
It i8 claimed that :MJ". Crookes was the first to apply photography 
to the investigation of the Fobr spectrum, lHlt his earlier reH':uches 
were so numerous that it is impossible to refer to thf'ffi all. 'Ve may, 
however, mention his papers "On the Opacity of the Y cHow-Soda 
Flame to I.Jight of its own Color;' "On the l\Ieasurement of the 
Luminous Intensity of Light," "On aNew Binocular Spel2trulll ::\Ii- 
croscope," and" On the Optical Phenomen3. of Opals." 
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TIlE NATuRE AND CAUSE OF FER
IE:S- changes take place betw
en the constitu- 
TATlON AND PUTR
FACTlON. ents of the ceUs and the external air, and 
that other changes take place when the 
To the Editor of the Popular Science Monthly. fruit is excluded from the air? Granting 
I HAVE read with no ordinarv interest it is, then shall we say that all vegetable 
the lecture by Prof: Tyndall, published products, although long since uprooted but 
in your issue of December, upon the sub- undecomposed, are possessed of life? Are 
ject of "}'ermentation and its Bearings the cells which compose the well-worn oak- 
upon the Phenomena of Disease;" and I beams of the few rcmaining wooden walls 
desire, with your permission, to submit of Old England still endowed with vitality, 
some points suggested to my mind upon and con
tantly engaged in a struggle for 
which, according to my own conception, life with the 10\\ forms of animated Na- 
there remains some doubt, and which I ture? Then, if this be conceded, might 
should like to see explained. It is not my we not a:;sume that fructification of germs 
intention to dwell upon the general subject is like" ise essential to the decomposition 
of the nature and causes of fermentation, of minerals? If the decay of an old boot 
but merely to touch upon it, confining my- I if! dependent upon the giowth of moull1, 
self rather to the que;"tion of the causes of I may we not suplJose that the rusting of an 
putrefaction. old axe i::; due to similar influences; and that 
In fermentation and the production of I the ero
ion of rock, whieh in time forms 
alcohol, the prescnce of baetel'Ìa seems to abundant soil for vegetation, is the" ork of 
be constant. Prof. Tyndall holds that the I microscopic germs, although conlll l only sup- 
dlanges resulting in the formation of beer posed to be due to physical forces? 
anù the production of alcohol are due to I Prof. Tyndall sa) 8 that" some of the 
the action of the;;e microscopic germ
, numberle
s air-germs produce acidity, some 
which, seizing upon the grain, Or fruit, I putrefaction." But when acidit) takes place 
claùor-ate the spirit. Now, it does not seem I I rapidly, as in 8 frozen apple just thawed. 
to me perfectly clear that the changes anù with an unbroken skin, are" e still to 
which take place in the fruit 'may not 
e I regard it as the result of bacteria? With 
purely chemical, and that a portion of the regard to putrefaction, Prof. Tyndall cite8 
component elements of tllf' fruit, not requi- a numher of experiments with bcef-tea. 
site to form the chemical combination of Kow, to make these perfeetly satisfactory, it 
alcohol, becomes a suitable soil in which I seems to me that the fluid ought to be e},.- 
the air-germs can take root anù grow. It posed to not a limited quantity of pure air, 
is a question of cause and effect. but a free change of ait. from "hieh all 
Again, a certain amount of moisture is motes had been remon-d. 
necessary to the production of mould. It I now come to the subject of putrefac- 
may be asked: Is it quite certain that the tion in connection with the living body, and 
moisture is not the agent of a chemical de- the antiseptic treatment of " ounds as 
composition, and that the growth of mould taught by Prof. Lister, of Edinburgh. 
is due to the deposit of seed in soil fur- Prof. Tyndall says that he has olJtained "a 
nished by this decomposition? Mar it not specific again
t putrefaction and all its 
be that a dry and cold atmosphere pre- deadly consequences." This statement 
vents or retards chemical decomposition in might lead the public to believe that the 
devitalized organic matter, while heat and teachings of Prot: Lister were generally 
moisture cause or facilitate it? \Yhy accepted by the medical profession. Such, 
should we disregard the chemical forces in however, is by no means the case, notwith- 
the decomposition of organic matter de- standing his practice has been thoroughly 
prived of vit:tlity? Or, does Prof. Tyndall tried in most if not all the pdncipal hos- 
wish us to regard all or
anic matter as pitals of Europe and America. 'Vhile a 
possessed of vitality until it is decomposed? certain numbcr have adopted his method, 
Indeed, he says: "Cherries, apples, peache
, the majority have rejected it, with the con. 
etc., are composed of ceUs, each of which viction that other treatment less trouble- 
is a living unit;" and" the living cells of some is quite as, if not more, successful. 
fruit call absorb oxygen and breathe out That Prof. Lister's theories and practice are 
carbonic acid, exactly like the living cells not believed in b)" the representative sur- 
of the leaveD. of beer." We know that the geons of the United States, was clearly dr. 
seed of fruit possesses vitality; but is it monstrateù at the late International :Medica\ 
proof of vitality in the cells, that certain Congress, at Philadelphia. Prof. Lister wa
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chait'man of the surgical section, and he was :-õometimes, especially in hadl)'.ventilated 
courteously allowed all the time and oppor- hospitals, loaded with germs of a :;pt.'citic 
tunity he desired, which was a good deal, to and poisonous nature, \\ hieh \\ ill contami- 
fully explain his views. ]Jut, attel' all, the nate any wound, as the poisonwf ery
ipe- 
section refused to indorse his mode of las, but that common unadulterated air is in- 
treating wounds. The presence of germs in habited by or
anisll1s whose exi",tcnce and 
the air was not denied; the views of Pastem. opel'ation are essential for putrefaction, re- 
were not disputed; but the question was, mains unproved. The value of carbolic 
Have these theories, facts if )'OU please, any acid and similar agents is 
enerally 8C- 
necessary connection with putrefaction? knowledged by the medical prorc

ion. 
The question was and is: Is it true, or not They are in constallt use, but not with the 
true, that putrefaction ca.nnot take place view of destroying germs. They are found 
without the presence of air-gems? Is it to posse

 the property of arr('stin
 or 
U.ue that animal organic matter, when de- pre,'cnting putrcfactive chemical decOlnpo- 
priverl of vitality, will remain undecom- sition - just as common salt has in pre- 
po.
ed for an unlimited time unless bacteria serving meat-and hcnce their usefulne,,
 
seize upon it; or will it not, by a purely in the treatment of wound
. 
chemiml process, decompose? Decompos- When Prof. Tyndall" passes the hounds 
iug org:nIÍc matter, we knoW' by daily ob- of surgery and entero3 the domaiu of epi- 
servation, is the abode of low, degraded demie disease," and points out the analogy 
animal life, and the soil in which low forms between contagium and fermentation, he 
of ve
etable life take root and grow; but gives utterance to views long hdd by the 
are we to reg:lrd this as the cause or the re- medical profession. 'I'hat small-pox, scar- 
suIt of putrefaction? If it be admitted that let fever, etc., are developed in the s)
tem 
"utrefaction may, under any circumstances, by U indefinite self-multiplication of genns 
in the absolute absence of bac
eria, t;ike (z)"mosis) introduced from \\ithout," is a 
place as a chemical proce:>s, is it not beg- commonly-accepted doctrine. 
ging the qucstion to assert that their pres- In support of the 8tatement that Prof. 
ence is ever necessary? Every surgeon Lister's antiseptic method is not regarded 
knows that putrefaction docs often take as essential to the successful treatment of 
place in the body beneath an impen-iou,; wounds, one fact may be given, althou
h 
skin. This fact was accounted fol' hv Prof. more might be furnished. Prof. ::;pencCl., 
.John T. Hodgen, of the St. Louis Mcdh>al who occupies the chair of surgery in the 
College, who was the surgical reporter at Edinburgh Univer:-:ity, and who is therefore 
the recent congre
s, upon the subjeet of a colleague of Prof. Lister's, and like",i
e 
antiseptic surgery, on the supposition that the author of a highly-esteemed "ol'k on 
the bacteria reached the place of putrefac- surgery, continues to treat wounds without 
tion through the lungs, 01' stomach, and the referenct.' to Lister's theories, \\ ith rc
ults 
blood. He also declared that bacteria had I quite as satisfaetory as any claimed by 
been found in wounds beneath Prof. Li::;ter's Prof. Lister. W ILLIAM CA

lFF, M. D. 
most elaborate and carefully - prepared 
dressings; and that they must have found 
their way there through the blood. But 
Prof. Lister took occasion to repudiate this 
doctrine. He did not believe the 
crms IX SECTS AYD FLOWERS IS COLORADO. 
arrived at the wound bv wa v of the bloo<1- 
vessels; and we can úndei'stand why he 
should reject this theory. 'I'he writer of 
this communication then pointed out the 
uselessness of Prof. Lister's antiseptic 
dres;,;ing externallr, if bacteria could enter 
by another way. Prof. Lister not only de- 
nied this theory, but admitted that putre- 
faction did sometimes take place indepen- 
rlently of bactel'ia as a chemical proc('
!;. 
The writer then submitted, and it is SIlO- 
mitted now, that if putrefaction ever takes 
place without the influ('nce of bacteria, it 
is impossible to pro,'e that it, in any case, 
depends upon their pre
ence. 
It is 110 uncommon experi('nce of sur- 
geons to f'ee wounds heal rapidly without 
putrefaction, although no 
teps are talicn 
to place a barrier to the entrance of air- 
"ernlS or to destroy those which ma\' have 
lodged in the part. . Vndoubtedly the' air is, 


TORO
O, December 12, biG. 


To tIle Editor of tltð Popttlar Scimcð ,Jlontltly. 
ALLOW nw to express Ill)" thank" to Prof. 
Gra
, and )11', }'utnam, in !'o kindly fur- 
nishing the facts I asked for in rcgard 
to the insects of Colorarlo. Sinee mv in- 
quiry was writt('n, Prof. (;ray ha
 d{'iined 
his position in the January numher of 
the A Ilcrit:>an .Aqriculturi.'1t. TIe d()e
 not 
cont{'ud for the g{'ncral nece

ity of erO:'l8- 
fertilization as Luhboek, "
aJIact." anti otb- 
ers have done, but simply that an occa
ioul\l 
crosi'l is henefieia1. "
hl'n tiO\\ ers I\r{' not 
visit{'d h)' in
eet
, they 
encrally s{'lf-fl..'rti- 
lfze. '" Cro

-ferti1i7.e if \OU I..'an, t-elf-ferti- 
li7e if.you mu
t,' i
 X aturè's golden rule for 
flowcI'03." Of eourse this narro\\ 
 the (Iue
- 
tion to the !J{'1lf'fils of an occasional cro.'\S, and 
renders mueh that '1 have writtl'n no long('r 
of aceonnt. Of this character i
 thi:1 q
{'s- 
tion of the quantit) of insect:ol in Color.llio. 
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If plants can U generalIy" fertilize thcm- 
selves without insect aid, simply preferring 
cross - fert ilization thl'ough insect agency 
when they can get it, the abundance or par- 
tial absence of insects there is of little con- 
sequence in the argument. 
The question being purely entomological, 
and no longer of importance to the botanist, 
I should feel sorry for having put 
Ir. Put- 
nam to the trouble of writing his letter, only 
that I know facts are alwa\"s welcom
 to the 
lover of science, though they may have no 
immediate bearing OIl questions under dis- 
cussion. THOMAS MEEHA
. 
GERMANTOWN, PA., February 22,1871. 


TIlE MATHEMATICAL CONTROYERSY. 
To tlle Editor oftlte Popular Science Nonthly. 
SIR : You will doubtless be gratifieù to 
find that the premise upon which JOu have 
rested a charge of dising;enuousness again:,t 
a gentleman no longer living is mistakcn. 
The case is this: You find that the ncga- 
tively - quantitative geometry of 
pencer's 
fil'st cdition of his "Cla
sification of the 
SCiences" must have been that branch of 
mathematics whieh has grown up under the 
name of "Descriptive Geometry;" and you 
find the late .Mr. Chauncey Wright disin- 
genuous in I'epresentin
 that Spencer had 
reference to those technical methods of geo- 
metrieal construction to which engineers ap- 
ply the namc, But 'Vright, like you, undcr. 
stood Spencer to refer to Monge's descriptive 
geometry; and it was jJ.lst that which he 
characterized as a mathematical art having 
no place among the abstract sciences. 
Pcnnit me to al1d that I used to talk 
with 'Vright, daily, while he was writiog the 
article in which this mattcr is discussed; 
and I declare that nothing could less de- 
scribe his n1C'thod than to sa v that he U was 
hunting through 
pencer's v.irious books in 
search of flaws." On the contrary, no critic 
evel' studied his author more con!'cientious- 
Iy; and very few have succeeded as wen us 
he did in comprehending thought remote 
from the channel of their own. The pres- 
ent case ilIustrates thi
, for "'right seemed 
to detect that Spencer had two very differ- 
ent thing:; confounded together in his mind, 
viz., descriptive geometry and positional 
geometry. The second edition of Spencer's 
book makes it pretty clear that this is so; 
for some of his warm disciples maintain 
that he still means the former, while to the 
mathematician his present words describe 
with tolerable accuracv the latter. · 
No doubt, 'Vright greatly under-esti- 
mated the importance of Herbert Spencer's 
philosophy. This was natural, because he 
found in 
pencer's fundamental doctrin{' of 
the universality of evolution a proposition 
radically opposed to his own theory that 


there is only an ('bb and flow, in this re- 
spect, and no unending progress. But such 
sharp antagonism only serves to make his 
criticisms all the more in::,tructive. "-hat- 
ever there mav be of cxtravarrRnce in the 
claims which a
e made for 8p
ncer will be 
overthrown in the course of the discussion 
which is sure to go on, aDd which he him- 
self would be among the very last of lDen 
to deprecate. It would be strange, indeed, 
if it were to turn out that an encyclopedic 
system of philosophy had been produced, 

o perfect in its details as to satisty special- 
IstS. But disputation clears the philosophic 
air, and can only serve to bl'iug into the 
light and to sharpen the outline of all that 
is to abide in Spencer's system. In this 
point of view, I cannot agree with you that 
Mr. 
pencer's di
tinguished candor has done 
him any harm, or has postponed the knowl- 
edge of the truth for which he is striving. 
Mr. 'Yr.ight occupied a position oppo!'ed 
to that of most modern mathematicians, in 
maintaining that positional geometry is not 
quantitative. This, however, is not a que
 
tion of mathematics. but of logic: and it 
goes very deep into the theory of logic, too. 
But, while it does BOt eoncei n the " mathe- 
matical e>..pert," AS such, one does not Pf'I'- 
ceive that Mr. Spencer has proved himself 
so supremely the master of the philosophy 
of mathematics that we need be greatly 
anxious lest Mr. Cayley should have nnt- 
ured to express himself on the subject, with- 
out proper study of what Spencer bas said. 
You we]] say that we here "encounter 
a ùiffieuIty which always arises wIlen knowl- 
edge outgrows old definitions." Prof. 
Peirce, in hi
 "Linear Associative Algebra," 
oftèrs a definition of mathematics, the ac- 
ceptance of which would not necessarily in- 
volve any l1eci!'ion of the question \\ hethcr 
that geometry which is not metrical is quan- 
titative or not. Although linear associa- 
tÏ\-e algebra is certainly not popular sci- 
ence, perhaps you will find his remarks of 
sufficient general interest for insertion. He 
says: 
" Mathematics is the science which draws 
IJecessary conclusions. 
" This definition of mathematics is" ider 
than tbat which is ordinarily 
iven, and by 
which its range is limited to quantitative 
researcb. The ordinary definition, like thosc 
of othE'r sciences, is objective; whereas this 
is subjective. Reeent investigations, of 
which quaternions is the most noteworthy 
instance, make it manifest that the old defi- 
nition is too re"tricted. The sphere of 
mathematics is here extended, in accord- 
ance with the derivation of its name, to all 
demonstrative research; "0 as to indude 
all knowledge strictly capable of dogmatic 
teaching. 
Iathematies is not the di
coY- 
erer of laws, for it ig not induction; neither 
is it the fl.amer of theOI.ie
, for it is not hy- 
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pothesis; but it is the judge over both, and 
it is the arbiter to which either must refer 
its daims; and neither law can rule, nor 
theory explain, without the sanction of 
mathematics. It deduces fl.om a la\\," all its 
consequences, and develops them into the 
suitable form for comparison with observa. 
tion; amI thereby mea
ures the strength of 
the argnment from ohservation in favor of 
a proposed law, or of a proposed form of 
application of a law. 
" 
Iathematics, under this definition, be- 
longs to every inquiry, moral as well as 
physical. Even the rules oflogie, by which 
it is rigidly bound, could not be deduced 
without its aid. The laws of ar
ument ad- 
mit of 
imple statement; but they must be that Mr. 'Vright's criticism upon him, in the 
('
riou"ly tran
p.osed befor
 they caX?- be ap- I J.\
orlh American Rcview of 1865, was a very 
phed to the hvmg speech and verrfied by I prejudiced piece of work. C. R }'. admits 
observatio.n. In its pure 
nd simple form, that he g l'eatl y under-estimated the im 01'- 
the syllogIsm cannot be dIrectly compared ,.. . P 
with all experience, or it would not have I tance of 
pencer s phIlosophy, wInch he 
c- 
required an Aristotlc to discover it. It counts for by the natural bias of one who 
must be transmuted into all the possible entertains rival ,'iews in the same field. 

hapes 
n which reaso
in
 loves to clothe Yet the article was far less a judgment of 

tself. rhe .transmutatr
n IS the mathemat. the P hiloso p l". of which but a 
illO'le volum 
lCal process III the e:;;tabhshment of the law. . , . ð e 
Of some sciences it is so lar
c a portion had then appeared, than an estImate, Erath. 
that they have been quite abandoned to the ered from an examination of 
pencer's 
mathematician, perh.aps not al
oget
er to various productions, of his competency to 
the ad:antage of phIlosophy. . Such IS 
he produce a philosophY. He undel'took to 
case with geometry and analytIc mechamcs. - 
But in many other sciences, as in all those measure. the man, 
nd, 

 we now under- 
of mental philosophy and most of the stand, with a prediSpositIon to underrate 
branches of natural history, the deductions hi;u. He, therefore, could not ha\"c ap- 
are so. immedia.tf'! and of Huch .simple con. proached his works in an impartial or judi- 
structlOD, that It IS of !lo prac
leal value to cial temper but rather in a "tatc of feelinO' 
separate the mathematu:al portion and sub- . .' ." '"' 
ject it to isolated discussion. which mterested 111m 111 thell' defects. At 
"The branches of mathematics are as any rate, if he was not in quest of flaws, it 
various as the sciences to which they he- is difficult to 
ee how it was that he found 
long: and each. subject of phrsical inquiry nothinO' el:"e. Six years befOl'e :Mr. W riO'ht 
has Its appropriate mathematics. In every <:> d .!": r 
(m'm of material manifestation there is a wrote, an before .Yr. . pencer had pub- 
correspollliing form of human thought, so lished a word of his philosophy, several of 
that tbe human mind is as wide in its range the ablc
t men in England joined in an ap- 
of thought as the physical universe in which peal to the Gm'ernment to "ecurc for him a 
it thinks. The tw.o are wond.erful!y matchell. position of trust, on the O'I"ound that he was 
But where there IS a great diversIty of phys- . 0 . 
ical appearance, there is often a clo
e. re- emme
tly the man to do a great and :pe
lal 
semblance in the proccsses of deduction. work for th<.' advancement and or
am7atlOn 
It is important, therefore, to separate the of knowledge that should be a national 
intellectual work from the e.xternal form. honor; and now, a dozen years after \II'. 
Symhols must be adopted which mav serve "T' It t tI . th 1 f h' 110 
for the embodiment of forms of arguml}nt, rl
 I wro e, I
 SIX :0 urn? 0 IS P \l - 
without being trammeled by the conditions sopillcal sy;.:tcm IS a\\alted With eagerness 
of external representation or special inter- by t.he leading minds of the foremo--t coun- 
pretation. TIH' words of common language tr'ies in the worlll. That is to sa
.. he is 
are usually untit for this purpose, "0 that doinO' the work that En
lish philosophers 
other symbols must be adopted, ami mathe-:- ' . 
matic
 . treated bv such 
vmbols is called predicted long a
n (on the ba!'l
 of what h(' 
fll.qebra. AIgeùrå is, the;, formal rnathe- had alrearly published) that he "ould do. 
matics." I am, etc., C. S. P. IIis works mu:;:.t, therefore, have had some 
excellences, "orne element,.; of stl'en
th. 
We cheerfully gÍ\-e place to the fore- I \\hich it was the duty of eandid critici:,.m to 
going, prompted a
 it is by tbe generous I reco
nize. But "\11'. Wright seems to ha'Ve 


desire of the writer to speak for one who 
can no longer speak fOl' himscJf. Yet it 
harlllyappears how our correspondent has 
much improved his friend's case. He ob- 
jects, on the strength of intimate acquaint- 
ance with Mr. W 1'Ìght and the spirit of his 
work, to our remark that he "was hunting 
through Spenccr's various books in search 
of flaws." \\T e certainly arc not entitled to 
speak of Mr. "'right's motircs, any further 
than they can be fairly gathcred from his 
w1'Ìtingi:. No fah'-minded per:"on, aequaint- 
ed witb Herbert Spencel"'s labors, can deny 
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seen in them little except evidences of " ig
 
norance," "incompetency," "confusion," 
"inconsistency," "perverted terminology," 
"fanciful discriminations," and, massing 
together these faults, he winds up his arti
 
cle with the inference of Spencer's" incom- 
petency for the further development of his 
encyclopedic abstractions." This looks very 
much to us like" picking flaw
," under the 
inspiration of a not very creditable purpose. 
.\s to the special case there can be no 
doubt that MI'. 'V right made a charge of 
ignorance against :Mr. 
pencer, founded on 
misrepresentation. He says that in his 
mathematical cla:-;sification Spencer "has 
given a prominence to descriptive geometry 
which might be regarded as llri'ìing from 
the partiality of the civil engineer for a 
branch of his own art, were it not that he 
sa).s, · I was ignorant of the existence of 
this, as a separate division of mathematics, 
until it was described to me by :MI.. IIirst.' " 
The iu
inuation is that 
pencer, though 
educated as a civil engineer, was unac- 
quainted \\ ith the branch of mathematical 
art that is es.pecially familiar to engineers. 
That this imputation was groundless may 
be proved lIy referring to the Cil-.ii EnpiTtu'j" 
and A1"Clâtects' .TournaI for 1839-'40, where 
will be found conclusive evidence of Mr. 
Spencer's early and thorou
h familiarity 
with the !'ubject. Among othcr original 
papers in the field of descriptive geometry 
there puhlished will be found a beautiful 
original theorem which dates back to the 
time when Spencer was Lut seventeen. IIe 
was not, then, so ignorant as )[1'. 'Yright in- 
timated, and eertainly not so grossly igno- 
rant as to confound a practic31 art with an 
aLstl'act science, as erroneously repre
ented 
by bis eritic. ...\lthough the arts grow into 


the sciences, so that both often pass under 
the same name, it requires no great discrimi. 
nation to separate them; and if a question 
could arise as to wbich is meant, the charac- 
ter of the discus:;:ion would sufficiently deter
 
mine it. Yr. 'Vright was no more justified 
in as
uming that, by .. Descriptive Gcome
 
try," as he was dealing with it, 
h. Spencer 
meant" certain methods of geometric con.. 
struction, useful in engiJl
ering," than that 
by " geometry" be meant the art of earth. 
measuring instead of the science, Or by 
" cbemistry" the art of manufacturing paints 
and dyes, instead of its scientific principles. 
Dy the term ,. descriptive geometry," em- 
ployed, as it was, in its scientific signifi- 
cance. Mr. Spencer did not mean Monge':3 
,. Géométrie Descriptive" of a hundred years 
ago, iu which theorems and their applica- 
tions to drawing were mingled together, but 
he meant the branch of mathematical sci- 
pnee which has since grown up under this 
title, while oll1itting all mention of the prac- 
tice that gave it the name of De:,:criptive Gc- 
omett'y, and for which the title Geometry of 
Position is now substituted. As Mr. Wrigbt 
suggests the alternative tbat 
Ir. 
pencer 
Ulay have meant something else than "hat 
he imputed to him as the basis of a charge 
of ignoranc<" it is fair to infer that he did 
not Imow' wbat he meant; and if be had not 
been anilliated by a predisposition to maliC 
out a Lad case, he would have ab:"tained from 
taking up the point, or "i\ ûuld have dealt 
with it in a different spirit. "
e desire to do 
no inju:;tice to the memory of )[r. Wright. 
but, as his works are now brought for" ard 
in a collective and permanent form, they are 
the proper objects of criticism, and we ha,'e 
commented upon one part of them, solely in 
what we consider the interest of truth. 
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LYTERNATIONAL N)PYRH;llT. 
D R. c. E. APPLETO
, of I,ondon, 
has an article in the Fehruary 
F07'tnightly on ".American Efforts af- 
ter International Copyright," which 
giv('g a general1y ('orrect account of 
what h<ts been done bere witllÏn the 
last few years to promote tbat ohject, 


TABLE. 


but whic1) places ns in a false position, 
which we do not care to occupy. The 
interest of the topic is such U1at a few 
remarks of correction and reminis('ence 
are here proper. 
There was a revival of interest in 
the subject in 1871, which began in an 
English discussion, when 
fr. \V. H. 
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Appleton, of Now York, wrote to the measure were few and PO\\ erful, deeply 
London Times that he did not think concerned, and able to concentrate a 
the ...\.merican people were opposed to prompt and efficient opposition. This 
n copyright which had no other object fact we think was not sufficiently cal- 
than to secure the recognition of the culated upon, and the practical issue 
rights of property of forE'ign author
 in was brought before Congress prema- 
...\.merican eùitions of their works. lIe turcly, in the shape of a Lill embodying 
<;aiel that slich a cop)'fight had never a copyri
ht in behalf of foreign authors. 
been asked for by England, Lut only an .More time shoulel have bCl'n allowed, 
:1rrangement to protect Englbh printed and system3.tic mca:mres adopted to 
books, by which the foreign manufact- sift the quc:::Ition thoroughly before the 
urel. coulJ get protection on his stock American people. 'Ve 113el a society 
of paper, printing, and Linding, in the organizeel for the promotion of interna- 
American market under cover of his tional copyright, Lut it wag committed 
authors' copyright. The publisher's to the old plan, anù threw the weight of 
share in the production of a book-in its influence ßgainst the new measure. 
materials anellabor, which have a cash In thi::; unfavorable state of thing::;, 
value in the market-may be assumed when the opportunity had been adroit- 
as at least ten times greater than the ly seized by the tacticians opposed to 
share contributed by the author, anel copyright to confuse ßnd befog the 
which is representeel Ly his customary I public minel by proposing all sorts of 
ten per cent. royalty. Such interna- projects, a congressional committee" ßS 
tional copyright l;lws as have been ùe- appointed. who caneel a meeting on 
mandeel are, therefore. ten times more February 12, 1872, for the hearing of 
for the protection of foreign book-man; I all parties interestE::d. 'We atteneled it, 
uÍ:lcturers than for foreign ßuthors. and it was certainly a very funny affair. 
"Disentangle your author from the I ,,- e had not been aCC'llstollleel to the 
publisher," said 
Ir. Appleton, H and atmosphere of 'Yashington, and were, 
let him present his own claims, and my therefore, but poorly prepareel for tho 
opinion is the American people will sarcastic intimations of parties w 110 
not deny them." The fairness of this lived there, :1t: to the greenness of the 
position was acknowledgeel Ly the gentlemen who came to the nation:;} 
English pre:Js, but the English pub- Capitol expecting to intere
t Congrc
s 
lishers were silent. The English au- on such a question as this in a presi- 
thors, on the other hand, or a large dential year. Tho subject was di
- 
proportion of the mo
t influential of cussed by various !o-peakers, :md in his 
them, concedeel the justif'e of the case, I account of it Dr. Appleton 
ny
. H Prof. 
and drew up a memorial asking for ne- Y oumnns followed, uq!Ïng the C'laim::; 
gotiations on the new Lasis. of British autlwrs upon the :;iul!ular 
This stirring up of the suhject leel to ground that they were very badly paid 
some efforts on this side, to carry out in their own country. :md desired 
the fundamental idea which Mr. Ap- I .American sympathy." This is a total 
pleton hael presented, anel which llad mi
take; we arglleù the question on no 
been previou:-:ly urged in this country. such grounds, :1nd offered no hint of 
There WßS at first but very little ohjec- any such reason why international copy- 
tion to the plan. and there wns a gen- right ::;boulel be securE'ù. 
eral expression of fnvorable feeling 'Ye demanded it of Congress solcl
r 
towßrd an adjustment on the b:1sis pro- as a measure of justice. and there was 
poseel. But opposition was quickly and need enongh that this view of the case 
v.igo
'ously de\'
lopeel, .hecaus
 the par- I should be urge
; for the. di
C'us:-:ion be- 
tICS mterested m the trustmtlOn of tbe fore the commIttee was III the last dù- 
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gree wild and discordant. AU sorts of 
vrojects and crotchets were thrust for- 
warù on aU sorts of pretexts. A law- 
yer was there to represent the Harpers, 
who opposed international copyright, 
hut for reasons which he admitted would 
carry with them the destruction of all 
copyright. He presented a lctter from 
the puùlishers for whom he was argu- 
ing, in which they said thc claims of au- 
thors wcre not to be considcreù, but 
only the interests of the people at large. 
But why the people, having taken the 
communistic hint, and plundered the 
authors for their own benefit, migllt not 
go through the Franklin S<!uare cstab- 
lishment and help themselves, in the 
interest of cheap knowledge, "as not 'lIfE ORDEI( OF KATe-RE. 
stated. The idea that there was any SOME of the questions propounù- 
principle of right in the matter, which ed to us through the columns of the 
it was the duty of Uongress to recog- I Tribune by the Rev. Dr. Deems we an- 
nize, seemed to bo quite lost sight of. s\Vered in the preceding number of 
The game of defeating the measure for the 
[oxTnLY, and postponed, for lack 
an author's copyright (which it was of !'pace, the consideration of the fol- 
feared at first rÙight succeed) consisted lowing: 
in 
ringing up ::t. gn'at number .of rival I. "The profes
or says that 'Prof. 
projects to bewilder the qnestIOn, find I Huxley's antagonIsts hold that the in- 
the game succeeded. The committee re- I flexible order of Nature may be as- 
ported against any congr.cssional action, I serted, perhaps, in astronomy, but they 
on the ground that it was not called for deny it in biology.' 'rill he be good 
by equity, \\' hile those who professed to I enough to refer me to one of the pro- 
he in f:wor of the measure could come fessor's antagonists who 'holds' that 
to no a
recmcnt in regard to a plan. opinion? " 
It may be added that, while we "r e 11ere mnde an affirmation con- 
made no statement before tIle com- cerning a class, and Dr. Deems chal- 
mittee as to English authors being poor- lenges us to produce a single instance 
ly paid, there was a compariFlon of the in which it is true, which may be taken 
American method of payment by a per- as 1m emphntic way of expressing his 
centage on the sales, with the English I disbelief in what we said. Recurrence 
s
-stem of gh'ing the author half-profits. I to the matter satisfies us that, besides 
The .Americ:m n
etho<l was commend- I I being true, the proposition 
s more 
ed and the EnglIsh declared to be one broadly true than we affirmed It to be. 
fl'om which their authors suffered; for, That the order of Nature is a princiJ-!J
 
while by the percentage plan the author accepted only in part, is a view held, 
always gets something if there are any not only by those who are ranked as 
sales, on the En
lish plan he gets notl1- antagonists of Huxley, but by the great 
iug unless there fire profits. 
\ml as, mass of people, including even the 
first, on the 
reat mass. of books there largest proportion of scientific men. 
arc no pr'ofits, and as, 8econd, the \Ye haye received, from )lr. 'V. H. 
making up of the" cost" is entirely in Walworth, of 
Ionticeno, Iowa, a letter 
the hnnds of the publisher, the authors of inquiry that so clearly brings out the 


are liable to be \ idimized by the l)olicy. 
In proof of this, and in explanation of 
how badly the half-profit systtm works 
for authors, we read from a pamphlet 
by James Spedding, an English author, 
in which the whole thing is exposed. 
He wrote it as two magazine articles, 
and could not get them published, be- 
cause the editors said they should there- 
by make enemies of tIle publishers. So 
Spedding published the papers himself. 
We, however, made no absurd attempt 
to gct up sympatlJY for English authors 
because they may be badly used by 
')orne of their publishers at home. 
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attitude of mind to which we referred, perfectly wen known, that many scien- 
that an extract from it will ùe here usc- titic men, natura1ists, and even ad- 
ful. .Mr. 'Val worth remarks: vanced biologists like :Yr. Darwin, do 
" You say (in your critique of Dr. Wil- invoke miraculous agency to explain 
liam M. Taylor): 'And here is the vital the origin of life upon earth; that is, 
point between Prof. Huxley and his ßntago- after admitting generully tIle great 
nists. It is a question of the vulidity of principltJ of naturul causation, at a cer- 
the conception of the order anù uniformity tain point they throw it up as insuffi- 
of Nature. Ploof. Huxley holds to it as a 
fir8t principle, a truth demonstrated by all cient, and appeal to supernatural cnus3.- 
. tio
 
SCience, and just as fixed in biology as in 
astronomy. His antagonists hold that the It is surely unnece
sary to waste 
inflexible order of Nature may be assorted, words here in showing that the con- 
perhaps, in astronomy, but they deny it in ception of the order of Nature has had 
biology. They here invoke supernatural in- an hbtoric gro\\ th; tJ13t in the early 
tervention. Obviously there are but two hy- times all the operations of thtJ world 
potheses upon the subject: that of 
enetic 
derivation of existing species, through tbe were explained on the hypotllesis of 
operation of r.aturallaw, and that of crea- supernatural agents which science has 
tion by miraculous interference with the so far dispelled' as imaginary thut the 
course of Nature. If we assume the orderly great phenomena of the hetlVens, the 
course of Nature, development is inevitable; changes of the crust of the earth, and 
it is evolution or nothing.' d . b 
even atmospheric Istur ances, are now 
" Very well; it is evolution or nothing. 
Kow, if evolution is true in biology, as Prof. referred for explanation to the opera- 
Huxley maintains, my inquiry relates to the tion of inflexible and universal pllysical 
matter of tbe beginning of that evolution, laws. 'Vhere explanation breaks down 
and the beginning of life. Scientists do and difficulties remain, in these branche
 
speak of the beginning of life. Is there a of inquiry, the course pursued is to at- 
new force or a new principle introduced at tribute the unexplained effects to lack 
this point that scientists have in "mind w ben 
they say' the beginning of life l' of knowledge, and to wait for further 
" If so, does that new force or principle 1i
ht from the sources that h3.\-e already 
come through a miraculous interference with afforded it. Nor can it be nece
sary to 
the course of Nature 1 If not, is life in its multiply words in showing that it i
 
beginning other or more than a fact, and not so in biolof!'Y, the science which 
it:'! appearance a phenomenon both to be ae- deals with the phenomena of life. ,rhen 
counted for by evolution in conjunction with 
matter and it:'! inherent forces and princi- a formidable difficulty occurs here, such 
pIes? as explaining the origin of 
peciès or 
" Given: First, the planet without life the first advent of living thin
s upon 
(so called);" aftcrward, the phmet with life. the e
u.tll, there is no waiting, but the 
" Then, ü evolution is the Jaw of 'dead knot is cut at once by appealing to 
matter,' and at the same time the law of miraculous intervention-to c:1.11:':es that 
'living matter,' is there any cbasm betwecn 
that evolution does not brid!!e oved are above Nature and out of X ature, 
"In other words, if evolution is the law, and which cannot be inve!-ti
ntèd. 
is there any escape from the conclusion There are, indeed, but few, even in the 
that the beginning of life (so called) is a C'irc1es of science, who avowedly main- 
product of it, unless we accept the hy- tain the in violable supremacy of natural 
pothesis of miraculous intervention? .And causes, here a<.: elsewhere, in X atnre. 
why is any scientist permitted to entertain 
that hypothesis (miraculous intervention), The,r nssume it genernUy, but affirm its 
at this particular point in the course of inadequacy to explain aU efforts. How 
Nature (the point of the beginning of life), many are there who recognize man, in 

vhile he claims the right to reject it at all his oriO'in, to be as !'trÏctly and esscn- 
the other points 
wong the line 1" tiany : part and result of the order of 
This l:lst qnestion implies, what i$ I X nture a::; an)' otIler ('reature? Ijkc 
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'Vallace and Dana, they go nine-tenths 
of the way, and then fly the track. 
Nature may do a large amount of the 
lower work; but for the origination of 
the higher pnrt of man we must appeal 
to agencies higher than N nture. 
Our correspondent dues not see the 
reason of tl1i::;. lIe asks why scientists 
are to be permitted to invoke miraculous 
agency at the point of the introduction 
of life, while they reject it at all others 
along the line of its development. They 
can only do this at the expense of logi- 
cal consistency, and, so fm. as they do 
it, are unscientific. If a scientist does 
not know how Jife bl'gan, he should say 
so; and if he cannot find out himself, he 
has only to leave the inquiry to others. 
He is bound to explain it rntionally, as 
he explnins other effects in Nature, or 
to suspend his judgment. It is futile 
for him to resort to any short-and-easy 
metllOc1s of solving the prohlem, for it 
still remains to be worked by the scien- 
tific method. The whole history of our 
knowledge of N atl1re reyeal;; an im- 
mutahle order, an invariahle and in- 
dbsoluble chain of causation; and this 
principle a scientific man is neyer at 
liberty to di
cnrd because a serious 
difficulty is encountered; and, as a 
scientific man, he is never at liberty 
to discard it at all. :Men talk light- 
ly of breaks and supernatural intru- 
sions in the cour
e of .Nature, which 
was well enough ages ago, but is now 
forhidden by the very conception of 
what Nature is. For thousands of years 
nothing was known of natural laws; 
now they form the basal iùea of its 
constitution. The innermost texture, tllO 
es",ence and spirit, and the very defi- 
nition of N atul'e, are unhroken, con- 
tinuous order. It is by this alone that 
we know it. It is not enough to say 
that law is universal. It pervades aB 
Nature, and constitutes tlIe very idea 
of it. Our inteHigence is bound up 
with it, is a pnrt of it, and we neither 
know nor can know of any exception 
or limit to the principle. :Men under- 


take to say where the natural order 
stops, and the supernatural is reached, 
but they juggle with words; for, the 
moment the so-called supernatural is 
brought within the cognizance of rea- 
son, it ceases to be supernatural. The 
alternative and antithesis of natural 
order is not the supernatural, but dis- 
order. As the Rev. Baden PoweB wen 
remarks, "If Nature could really ter- 
minate anywhere, there we should find 
not the supernatural, but a cl)aos, a blank 
-total darkne:-:s-anarchy-atllCism." 
As to the chasm of which 
[r. '\"al- 
worth speaks between deaù and living 
matter, it is, of course, nothing more 
than a chasm in our knowledge, and 
none the less a chasm when bridged 
over by the hypothesis of miraculous 
interference. The lowest form. of life, 
the material basis from which all living 
things are spun, is protoplasm; but if 
Nature can produce a Newton or a 
Shakespeare in a few years from a 
formless protoplasmic germ, and by the 
course of natural causation, why should 
we say that it is past her power to pro- 
d uce the raw material itself, and fly to 
the supernatural to account for its earli- 
est appearance? Science cannot take the 
theological explanation here, any more 
than elsewhC're in Nature, for, if these 
explanations had been accepted as satis- 
factory, there never would have been 
any science. The scientific problem of 
the origin of life is a recent one. It has 
not been solved, but what has been 
already done, so far from dishearten- 
ing inquirers, only stimulates them to 
greater effort. Chemistry already be- 
gins to build up organic substances arti- 
ficially in the laboratory, although such 
an idea was long scouted as hopelessly 
impossible. A few generations more 
of work may put a very different aspect 
upon this profound inquiry; but, even 
if it takes centuries, tlw question must 
be held as belonging solely to the prov- 
ince of reason, and to be solved in ac- 
cOl'dance with the natural laws of cause 
and effect. 
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of meanness yet, a reviewer cun find it. 
Although Ed wurd hacl been buttered 
OUR notice of the career of Tl1oma=; through a career that would have killed 
Edward, printed last month, ha
 elicit- mo
t men, enduring privution and ex- 
ed much interesting and sJ.mpathetic posure until health gave way with the 
commcnt from the pre:';:3, accompaniecl approach of old age, yet the critic of 
in repeated instances with something the London Acwh"lY fears that the 
like skepticism as to its verity, or the effect of publishing this premature bi- 
possibility that a man of such genius ogral'llY will be, that no more work 
could have been so long neglected in a can be got out of the old man. This is 
community claiming tho slightest de- what he saJ"s: 
gree of civilized intelligence. The story "Interesting and valuable though this 
will appear more incredible in this memoir of a self-helpful ánd a self-denying 
country, where we can hardly appre-jlife.undoubtedly is, we are not s
re thatM.r. 
ciate the intensity of the class-feeling Smiles would not have acted a Wiser part m 
that ervades British society. The I deferring its publication.. For it is rather 
p . I bold to assert of one who is but threescore 
open secret of the case IS, that Edward tlnd two, and has shown but few sig-ns of 
WitS a labo:er, and not a. gentleman, , mental decline, that' hie jaeet is all that re- 
and, belont,J1ng to the servlle cluss, he I mains to be added.' Hather we would hope 
was not recognized or aided by the that the downward course of Edward's life, 
people around him. Scientific men 1 61l10?thed by the queen's recogn.ition of his 
rorreHponded with him but they were I serVlCes, .may be 
 long and u:;etul one, and 
. : . that, havmg survived the danger of unmer- 

1t a dlst
nce,. and plO
ably nelth
r ited neglect, he may be spared the hnrder 
knew nor mqmred anytluug aùout hlS trial of intrusive patronage, to which this 
personal circumstances. .And so he I premature biography is likely enough to ex- 
was left to fight his course alone, which I pose him. It is a perilous precedent for a 
he did munfully and bravely, contented I suceess
ul author to have set, and we could 
. f h II I k TI Id have wIshed, for the Fake of others, that 
1 e cou ( on y wor. 1e 
vor. 
Ir. Smiles had denied himself the pleasure 
never heard of Banff befo
e, and It will of' forestal1ing the verdict of posterity, and 
be now known more for lts meanness had culled his last example of self-help 
toward a poor shoemaker than for any from a career already concluded." 
other canse. But what shull we say 
of the meanness of the reviewer who 
thinks that the world should not huve 
been apprised of the career of this re- 
markable naturn1ist until after his 
death? The Banff people, it is to be 
presumed, will not offer much excuse 
for their neglect, but a reviewer can 
expr('
s regret that justice has ùeen 
done him by a dh;tinguisheù biogra- 
pher, us if 11e grudged the mun the sat- 
isfaction of being justly rccognizètl in 
his declining years. It was not enough 
that he should ne,-er hnve been the re- 
cipient of any aid to facilitate his Fwi- 
entifir studies, but he must be refused 
also that reward whirh is the 
pur of 
ambition to the highest natl1re
, the 
sympathy and approbation of their fel- 
low-men! .\.nd if there be a lower depth 
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Non:g o
 LIFE-hsURAXCE. Third edition. 
Revi:.:cd, en1arged, and rearranged. ß,- 
G('STAVCS 'Yo 
'nTn. Xew York: D. 
Van No:;trand. Pp. 
04. Price, $2. 
Tills book is an. att('mpt to unfold the 
" mJstcry and art" of lifc-immranl'c to thc 

eneral reader; to put before him in simple 
form, rid, as far as may be, of teehnicali- 
tie:'!, a statement of the data upon whieh 
life-insuranee problems are based, Rnd the 
methods by which they are solved. For 
fifty years and. more the bu:,;iness has been 
prominently beforc the puhlic. It has bcen 
ur
ed and expoun(led. with a zeal and per- 
sistency that have ùecome prO\-erbial, and 
the inference i;;; natural that there ought, 
by this time, to be among the people at 
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large a respectable amount of acquired in- W" e warmly second the author's hope 
formation about it. Such, however, is not that this little volume will be widely dis- 
the case. The savings of the frugal have tributed and carefully studied, but ruust 
been embarked to the extent of $2,000,- confess we are not very sanguine about the 
uou,OUU in schemes which claim to be de- latter. It is true, as he sa)"s, that it con. 
signed for their mutual protection, not upon tains no science that is very abstruse; there 
informed and deliberate judgment, but in is nothing which a man with a little arith. 
great part as the simple result of yielding metic and less algebra may not master, but 
to the blandishments of the canvasser, com- it does imply that he should put himself to 
bined with a sublime faith in the efficacy of the stt'ain of a little application and stud)", 
statistical tables and mathematical forllluJæ and this is just what the majority of men 
which were not understood. R.ecognizing are unwilling to undertakc. To average an 
the extent of this ignorance, and the dis- interest account is a "Very simple matter, 
comfort and distrust to which it is likel)" to ùut most men who ha\'e never learned or 
g!ve rise, the author has tried to make the I have forgotten how to do it will, when one 
road to knowledge in this direction easier. is rendered to them, take the chances on 
IIe has put into reasonaùle limits, am} into its correctness rather than take the trouble 
logieal and accessible shape, the more cs- I to verify it, and insure themselves against 
sential information pertaining to the theory loss. 
of life-insurance, which heretofore was only I The issue of this third edition is timely. 
to be gleaned frem rare and expensive The management of insurance companies is 
books, whieh were quite out of the reach' a matter over which the public mind is just 
of the non-professional reader. That this I now very propcrly exercised. ". c know of 
was no easy task is a fact which should be no other attempt to give tb
 information 
taken into account when measuring the de- required for its intelligent con:"ideration, 
grec of his success. and, so far as Mr. Smith's book succeeds 
The book is dh'ided into two parts. in throwing light upon the subject, it will 
Part T. is theoretical. The tables of mor- be doing a good work. 
tality are given, and we are sho\\ n how 
from thc
e arc obtained the expectation THE FUNCTIO
S OF THE BRAIN. B\- DAT'ID 
of life, and-assuming a given rate of in- FEURIER, :M. D., F. R. K 'Yitli numer- 
tere
t-the net premium and the reserve- ous Illustrations. Xe\\" York: G. P. 
or, as the author pl.efers to call it, the Putnam's Sons. Pp. 323. Price, :::3.50. 
trust-fund deposit. The theory of annu- Tms work embodies the last consider. 
ities is discussed in a series of problems; able effort; made by experimental physi- 
and the mechanism of the commutation- ology, to unravel and explain the mode of 
tables-those working-tools of the actuar)" action of thnt most complex and obscure 
-is explained. of an mechauisms-the brain of animals 
Part II. is devoted to the discussion of and of man. The author wisely says: 
such practical considerations as: the gen- , 
'W 
 are still. only on tpe th
eshold of the 
eral management of companies; stock and mqUlry, and It may be questIOned "hether 
mutual rates; the various plans of insur- the time has even yet arrived for an at. 
ance; gross and net valuations, which in- tempt to explain the mechanism of the 
voh'e the relation of the companies to the brain and its functions." Much, however, 
State; surrender values; annual statements, has undoubtedly been accomplished toward 
etc. The vi('ws under thpse heads are thc attainment of this end, though the steps 
sound and well put and if they were wideh' forward are slow, uncertain, and difficult. 
cil'culated and r:ad, 
ollld contribute t
 'Yhat can be positively gained by any spe- 
the welfare of both manacrers and the in- cial research seems so small in comparison 
sured, and help to put their 
clations upon a with the complete problem to be solved as 
surer footin
. Algebraical discussions and to be hardly worth the immense labor in- 
formulæ and tables are relegated to an ap- volved; yet there is a fascination in the in- 
pendix, where thf'Y çan be mastered or quiry, and a grandeur in tbe result aimed 
omitted, as the reader may choose. at which awakens the enthusiasm of inves- 
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tigators, and assures the continuance of in- 
defatigable research. Dr. .Ferrier's inves- 
tigations led him to certuiu important con- 
clu"ions regarding the localization of func- 
tions in the brain, which have been approved 
by some physiologistg, and criticised by 
othm.s, although all a(!r('e as to the value 
of his ski1lful and well-directed experi- 
ments. The chief object of this volume is 
to present the author's views of the bear- 
ing of his experiments, although it contains 
a concise and well.digested account of the 
functions of the cerebro-spinal system in NEW EXCYCLOPÆDIA OF CHEYISTRY. Chern. 
general, with the view more especially of i
try, Theoretical, Practical, and .Aua- 
P ointin g out the mutual relations between IJtieal, as applied to Ärts and 
lanu- 
factures. On the na
is of Dr. 
Ius- 
the higher and the lower nerve-centres. Dr. pratt's Work. Parts XY. to XX. Phil- 
Ferrier's work was elaborately reviewed aùelphia: Lippincott & Co. Price, 6U 
and in some respects adversely criticised cents per number. 
by :Mr. George Henry Lewcs in two num- "
E have already referrcd to this impor- 
bel's of .LVatztre. 'Ve have no spae@ to state tant work in very commendatory terms, 
the points in issue, but will give his esti. and we may add that its character is well 
mate of the work as presented in the clos- sustained to the later issues. It is not so 
iug passage: much a dictionary of chemistry, in which 
")Jy space is exhausted, and I have not beeu the science is pulverized into a grcat num- 
able to do more than criticiBe the main topic of bel' of fragments, and each placed under 
Dr. Ferricr's book-and this not with the full- its alphabetical head, as a work in \\ hich 
ncss which its imporiance de
aD(ls. But if I the great leading subjects of chemical 
have shown groundB for re
ardmg the hypothc- .. 
siB of voluntary centres in tbe cortex as at any manufacture are taken up 10 succeSSIOn, 
rate far from proved, and in doing BO have had I and treatcd in elaborate and exhaustive es- 
to adopt an antagonistic attitudc throughout my . òays. The ,""ork is hence in no sense a 
revicw, I8hould not be just to him, nor to my I rival of "TaU's "Di<'tionary of Chemis- 
own feelings of gratitude, if I did not, in con- ". . . 
eluding, express a high t>enBe of thc value of his try, w Inch. deals 
Ith the. pu
e SCience 
work, fnll as it i8 of suggestions, and rich in rather than Its practical applIcations to art 
facts, which 110 counter-facts can sct aside. It and manufacture. The last installments 
will long remain a Btorehouse to which all stu- treat of the subjects of d{'eing and calico- 
dents must go for material. It may be the Btart- .. '. h 
iner-point of a new anutomy of the brain." prllltmg, clectro-metallurgy, enamels, et er, 
o explosives, preservation of food, fuel, and 
gas. These topics arc considered with ful1- 
ness, and brought up to the latest results of 
scientific invpstigation. 


count of his elaborate works, in the great 
bulk of which there is a prodigious amount 
of "ordincss-a fault which he so h.lted in 
other people. His works are mountainous, 
brilliant \\ ith gilded peaks, but" ith great 
stretches of valley between. It was not a 
bad idea of Harrett's to truncate the upper 
cones, and get the peaks all together in a 
single book, and, if Carlyle appro,es of it, 
as he says he does, and must do, all read- 
ers will be pleased. 


THE CAULYLE ANTHOLOGY. Selected and 
arran
ed with the .Author's Sanction. 
By Eow ARD BARRF.TT. New York: 
Henry Holt & Co. l)p. 386. Price, $2. 
ARCHOLOGY; OR, THE RCIESC'E OF GOTIR'i- 
IT was an excellent ide:t to get together MEST. By S. Y. BLAKESLEE, OJ.kland, 
in one compact volume the best thoughts California. 
 ew Y Ol'k and 
an Fran- 
of Carlylc, for there is a better and worse cisco: A. Roman & Co. Pp. }G4. 
in his writings, as well as in those of all Price 81.25. 
other Iluthors. He has produced a lot of THIS is a very good littll' essay on gov- 
books in his day, unequal among them- crnment, but thero is hardly enough sci- 
sel{'es, but all containing, here and thcre, enee in it to justify the author in inventing 
brilliant and powerful passages, well de- ancw term to describe it. He points out 
serving to be thus 8eparatcd and brought the great strides of tbe modern phy
ical sci- 
together for entertainment and cdification cnces, and contrasts with them the little 
at odd hours. ,,- e suspect, indeed, that I that has be('n done of this kind in the 
Carlyle will be longer remembered for these fields of abstract thought, "especially in 
strokes of extraordinary insight than on ac- the all-important science of government." 
,OL. x.-18 
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He says, "This failure of a scientific treat- 
ment has been most remarkable;" and, as 
an attempt to remedy this defect by the de- 
velopment of a distinct science of govern- 
ment, the following treatise has becn pre- 
pared. The little book is systematic and 
suggestive, and its matter is welll'rescnted ; 
but the writer, in our opinion, has very 
little true conception of what science is in 
its applications to this subject. 


THE PLAINS OF TIm GREAT 'YEST, AXD 
THEIR INHADITANTS. Being a Descrip- 
tion of the Plains, Game, Indians, etc., 
of the Great North American De
ert. 
_ By RICHARD IRVING DODGE, Lieutenant- 
Colonel United 
tates Army. With an 
Introduction by Wil1iam Blackmore. 
Illustrated. New York: G. r. Pu t- 
nam's Sons. Pp. 448. Price $4. 
Tms is a lively, entertaining, and with- 
al n very instructive volume on the Indi- 
ans and 'Vest ern life. Its author writes 
from observation and experience, and has a 
happy faculty of seizing the most striking 
and significant features in description, and 
representing them in vivid and forcible lan- 
guage. The work abounds in sketches of 
travel, delineations of camp-life, pictures of 
scenery, accounts of game, and episodes 
of sporting adventure. But its main and 
most important portion is that which is 
devoted to the religion, social life, habits, 
amusements, occupations, and what we may 
call the general natural history of the 
Indians. Appended to the volume is an 
instructive table of Indians living in the 
United States, omitting those in Alaska,. 
with the numbers and locations of the 
tribes and fragments of tribes that still 
survive. The introduction by 
Ir. Black- 
more gives some striking fact!; in regard to 
the destruction of the buffalo. He says 
that during the three years 1872-'74 four 
and a. half million of thcse animals were 
destroyed, of which three million wcre 
killed merely for their hides. This is equal 
to the destruction of aU the cattle in Hol- 
land and Belgium, and is as if in three 
years half the cattle of Texas, or all the 
cattle in Canada, had been carried off by a 
plague! 
1111'. Blackmore quotes a passage from 
Bishop "Thipple, on "Our Indian Policy," 
that furnishes an excellent example of 


the working of "American politics," and 
gives data by which we can compare the 
fruits of administration of the" best gov- 
ernment on earth" with the miserable mon- 
archy that rules on the other side of the 
St. Lawrence: 
" One one side of the line is a nation that 
has spent $3UO,00U,000 in Indian wars; a 
people who have not one hundred miles 
between the Atlantic and the Pacific which 
has not been the scene of an Indian ruas- 
sacre; a governmen t which has not passed 
twenty Yt'ars without an Indian war; not 
one Indian tribe to whom it has given 
Christian civilization; and which celebrates 
its centenary by another bloody Indian 
war. On the other side of the line are the 
same greedy, dominant, Anp:lo-Saxon race, 
and the same heathen. Thev have not 
spent o
 dollar in Indian wa;s, and have 
had no Indian massacres. 'Yhy ? In 
Canada the Indian treaties call these men 
'the Indian subjects of her majesty.' 'Vhen 
civilization approaches them they are placed 
on amp]e reservations, receive aid in civ- 
ilization, have personal rights in property, 
a
e amenable to law and protected ùy law. 
have schools, and Christian teachers send 
them the best teacher8. "T e expcnd more 
than one hundred doHars to their one in 
caring for Indian "arGs." 


THE ApPLICA'[IOXS OF PHYSICAL FORCES. 
By A
IÉD:ÉE GUILLE)1n
. Translated 
from the French hy "Mrs. Norman Lock- 
yer, and edited, with Additions and 
Notes, by J. NOl'man Lockyer, F. R. S. 
With Colored Plates and Illustrations. 
London: Macmillan &, Co. Pp. 741. 
Price $12. 
FIVE years ago a sumptuous volume 
appeared in Paris, by Amédée Guillemin, 
which was translated into English by the 
Lockyers, and republbhed by :Macmillan, 
under the title of "The Forces of Xature." 
It aimed to be a popular account of the 
great physical forces, gravity, heat, light, 
and electricity. By the aid of numerous 
and finely-executed engravings, it attempt- 
ed to make clear the principles of pure 
Ecience with no reference to their uses or 
applications to the practical arts. A com- 
panion volume has now appeared by the 
same author, f'ditor, and publisher8, which 
supplements the first, by taking up the ap- 
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plications of physical forces. The book is 
done in the Rame splendid style, and we 
should wonder where so expensive and 
luxul'ious a scientific book could find buy- 
ers, did we not remember that the two edi- 
tions in French and English make it acces- 
sible to the largest portion of the readers 
of the civilized world. It is difficult to 
convey a just idea of the scope and detail 
of this work, with its thirty-eight elaborate 
chapters and its four hundred and sixty- 
seven admirable illustrations, and we can 
only say that it is the most elegant and ex- 
haustive pictorial work on the applications 
of science in its great leading departments 
that has yet appeared. 


TilE nE
CH AXD BAR OF SARATOGA COUXTY; 
or, l{eminiscences of the Judiciary and 
Scenes in the Court-room fl'om the Or- 
ganization of the County to the Pres- 
ent Time. By:K It 
L\N
. Ballston, 
New York: \Vaterbury &. Iunman. 1'p. 
sn. Price, $2. 
BE
IDE3 its ",aters, which are of interest 
to chemists, geologists, and invalids, and 
its g'lY summer life, so dear to the devotees 
of fashion, which combine to make Sara- 
toga famous, the place is also celebrated 
for its lawyers. A county which has given 
to th
 bench such men as Cowcn, \\? al- 
worth, Willard, Bockes, and Spear, and to 
the bar such pleaders as Hill, Reynolds, 
Porter, and Beach, certainly deserves to 
luve its legal history writt('n out, and .)[1'. 
:Mann has accordingly done it in a very 
creditable manner. In giving a sketch of 
the lcg.!l profe
sion of the county, which 
has of course been closely associated with 
the growth of its population, the author 
has hrought out various points of in<:idental 
interest. It appears that about 1790, be- 
fore Rarato
a Springs or Dallston Spa had 

 et been heard of, the town of Ballston in- 
cluded all the western and northern por- 
tions of the county, stretching away tow- 
ard the ..A.dirondacli:s. In that Jear two 
m
n, named Palmer and Gorden, were can. 
diùates for the supel'\'isor:-:hip of this e'{. 
tensive r('gion. The election for that spring 
was called to be heW in thc )Iilton JIilI 
mecting-house. The day wag bright and 
balmy, find so it waS su
gestcd that the 
election take place out,.ide the church, and 
one of the jm;tic('s, taking a suitable po
i- 
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tion, declared the polls open. The votes 
were taken ?'ÏI'n voce, and "the pcople" 
went strongly for (:Ol'den, v. ho had heen 
supervisor for several years before. Palm- 
er, seeing he had no chance, drew off one 
of the justices, quietly Wf>nt into the church 
amI opened another poU, where thirteen 
men voted for him. The town-meeting had 
been appointed to be held in the church, 
and so Palmer was proclaimed unanimously 
elected by the citizens of Balbton. Gor- 
den protested, but Palmer was "counted 
in," the same as nowadays. .A feud fol- 
lowed between these office-seekers, the pub- 
lic espousing the causes of the rimls, and 
promoting thcir ambition. The knavIsh 
trick of the town-meeting ended in making 
both men county judges, and in sending 
each for two tel.ms to the National House 
of Representatives. It is evident that Sara- 
toga early furnished an excellent soil for 
the production of lawyers. 
Tbe first court - house and jail were 
erected at Balls ton Centre, at a cost of 
$67500, and were ready for use in 1796. 
Justice was dispensed there for twenty 
years, when it was burned down, with the 
following accompanying circumstanccs: 
Raymond Taylor, the jailer, was a man very 
full of the dignity and importance of his 
pusition, and would tolerate nothing that 
ùerogated from it in the prisoners under 
his chal'ge. One named Billings bad ruffled 
fhe jailer's complacency by some disre- 
spectful words, and so Taylor had him se- 
curely fastened to the Boor by a large ox- 
chain, riveted round his body by a black. 
8mith, and riveted also to th
 
il1 of the 
floor. .Another prisoner set fire to the 
wall of his cell to bmn his way out, and, as 
the Bamps rapidly extcnded, efforts were 
made to rescue Billings, but they could not 
loosen the chain, and so he was consumed 
with the burning comt-house. As a fur- 
ther illustration of bow moùern politics is 
de\cloped from its early germ!'!, it ma
 be 
gtated that there was a law forbidding the 
jailer to furnish the pri:-:oners v. ith lights, 
so Taylor arranged with another man to 
furni8h them, and dh ided the profits. 
In a hi
tory of nearly a hundred 
 ears, 
only two men have been publicly strangled 
in 
aratop:a County in the interest of jus- 
tice, and the first of them, hanged in 1820, 
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is said by the author of this work to have 
ueen insane. 
The chief contents of the volume, con- 
sisting of personal sketches, anecdotes, and 
accounts of lawsuits, are, as might be ex- 
pected, only of local iuterest. 


TIlE ART OF PROJECTING. A :Manual of 
Experimentation in Physics, Chemistry, 
and Natural Ili:;tory, with the Porte- 
LumitJl'e and Ma.gic Lantern. By Prof. 
A. E. DOLBEAR, Tufts College. Illus- 
trated. Boston: Lee &, Shepard. Pp. 
158. Price 81.50. 
TIlls is a valuable litt1c volume for all 
teachers and professors who desire to cul- 
tivate the art of illustrating their numerous 
scientific subjects by the projection of op- 
tical images of objects upon screens for the 
in
pcction of classes, or lecture-room au- 
ditories. Full attention is first givcn to 
the construction of apparatus, much of 
which, the author say
, can be extempo- 
rizeù j and the author then points out how 
a surpri:Ûngly hu'ge number of experiments 
can be performed with these instruments 
in numerous departments of science and 
art. The book is full of neat woodcuts 
which aid the text in the description of 
operations, and it seems a thoroughly weB- 
cxecuted manual for helping on the work 
of scientific instruction. 


A TEXT-BoOK OF PHYSIOLOGY. By M. Fos- 
TER, M. A., M. D., F. R. S., Prælectol' of 
Physiology, and FeBo\V of Trinity Col. 
lege, Cambridge. :K ew York: Macmil- 
lau & Co. Pp. 559. Price, 
6. 


trated, and herein we are inclined to think 
the author has made a serious mistake. 
His reasons for it are as follows: "I have, 
moreover, given neither figures nor elabo- 
rate descriptions of physiological instru- 
ments and apparatus. These must be seen, 
not read about j the student can learn more 
by five minutes' inspection of a piece appa- 
ratus, especially one at work, than by hours 
of study of even the most expensive and 
finished pictures, and most detailed verbal 
descriptions." True, but shall we therefore 
give up illustrations? It is always bettcr 
to see the thing itself, and it should be the 
first law of education to get at the thing 
itself, and not take a picture in place of it, 
whertver. t!tat can be done. But then figures 
do no harm j they may be :stiIJ helpful to 
those who have had the opportunity of in- 
spection, while in the case of multitudes 
who bave no such chance the pictures are 
much hetter than nothing. No one can look 
over the fine and accurate i1Justrations of 
such a work as Flint's "Manual of Phys- 
iology," for example, without recognizing 
the great advantage that most stuùents will 
gain by referriÐg to them. 


TilE FLEETS OF THE 'Y'ORLD. TilE GALLEY 
PERIOD. By FoxALL A. PARKER, Com- 
modore of U. S. .Kavy. Kew York: D. 
Yan .K ostmnd. Pp. 235. Price, 
5. 
THIS neat and clcgantly-ilJustrated vol- 
ume is a kind of introduction to the history 
of naval warfare. It is devoted to an ac- 
count of sea-fight:; in old times, and it can- 
not fail to be very interesting to all who 
have a concern in the subject. "
e have 
greatly admired the finely-executed illustra- 
tions of the lubberly old ships that were 
employed before the improved modern craft 
came into use. 


DR. )bCIIAEL FOSTER has bere given to 
the world a first-rate book on physiology. 
He is a good investigator, and a clear, 
pointed, and vigorous writer, and, with ex- 
cellent scientific judgment in presenting the 
proportiQnB of u subject, he has prepared a 
volume trustworthy in exposition and agree- 
able in its style. It is designed for medi. 
cal 8tudents, and does not aim to be ele- The )Iicro
copist: A Manual of )Iicro- 
scopy. By J. H. Wythe. Third edit
?n, 
mentary, as the author proposes to begin rewritten and enlarged. Pp. 259. "lth 
about where Prof. Huxley's physiology Plates. Philadelphia: Lindsay & Bla.kis- 
leaves off. In fact, he hopes his book may ton. Price, $4.50. 
come to be considered as a kh.ld of ad- :Michigan State Board of Health, 1876. 
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. t 254 . Lansing: ,Yo S. George & Co. 
pnn. 
ume. Acoustics, Light, and Heat. By WilJiam 
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POPULAR MISCELLANY. 


Tyndall and Robrrts on SpontilUl'OUS Gen- 
eratiou.-Dr. Bastian, in a communicatit'n 
to the Royal 
ocicty of London, last June, 
cited some experiments to show that, while 
an acid uriue usually remains barreu after 
being boiled a few minutes, it becomes fertile 
when similarly treated if prcviously neutral. 
ized by liquor potassæ, especially if it be 
afterward maintained at a temperature of 
115"0 or 120 0 Fahr. But the significance 
of these results for the doctrine of spon- 
taneous g<:neration is proved to be very 
little indeed by Dr. WiJIiam Roberts and 
Prof. Tyndall, both of whom show that 
Bastian's experiments only confirm the ob- 
servation made by Pasteur more than four- 
teen years ago, that alkaline liquids are 
more difficult to sterilize than acid ones. 
They further show that such liquids, once 
effectually sterilized, according to methods 
which they describe, remain perfectly ster- 
ile when the access of life-germs from \\ ith- 
out is precludcd. The addition of the al- 
kali appears to ena1)le the preëxisting germs 
in the urine to survive the proccss of ehul- 
lition. To prevent this conservative action 
of the liquor potassæ, and at the same time 
to have a mixture precisely the same as that 
experimented on by Bastian, Tyndall adopt. 
ed the following mode of procedure, which 
is substantially identical with that adopted 
by Dr. Roberts: Small tubes, with their 
ends finely dra"\"\"n out, were charged with a 
definite amount of caustic potasb, and sub- 
jected for a quarter of an hour to a tcmpera- 
ture of 220 0 Fahr. They were then intro- 
duced into flasks containing measured quan- 
tities of urine. The urine being boiled for 
five minutes, the flasks were hermetically 
scaled during ebullition. They were sub- 
sequently permitted to remain in a. warm 



75 8 


THE POPULAR SCIENCE .JIO.lVTHLY. 


place sufficiently long to prove that the 
urine had been perfectly sterilized by the 
boiJing. The flasks were then rudely shak- 
en, so as to break the capillary ends of the 
potash-tubes and permit the lit-luor potassæ 
to mingle with the slightly acid liquid. The 
urine thus neutralized was subsequently ex- 
posed to a constant temperature of 122 0 
}<'ah1'., which is pronounced by Dr. Bastian 
to be specialJy potent as regards the gen- 
eration of organisms. 
Ten flasks, prepared as above described 
toward the end of last Septemùe.', remained Fnrtbt'r E1..})l'l'imeuts "itll Pnt..e
tible 
perfectly sterile for more than two months. Fluids.-Mr. Dallinger has commuuicated 
There is no doubt that they "ould have rc- to tbe Royal Microscopical Society of Lon- 
mained so indefinitely. don some further results of his experiments 
Three retorts, moreover, similar to those with sterile putrescible fluids. In these ex- 
employcd by Dr. llastian, and provided with periments, an air-chamber after T) ndaJ)'s 
potash-tubes, had fresh urine boiled in them plan "as used, and it was tested for motes 
on the 29th of 
eptember, the retorts being by a beam of oxyhydrogen-light. The 
sf'aled during ebullition. Several days sUb-I gcrms were obtained from a maceration of 
sequently, the pota
h-tubes were broken, haddock's head that had been kept for fif- 
and the urine neutralized. Subjected for I teen months, and found to contain numbers 
more than two months to a temperature of of the "sþrir:gin
 and calycine monads " of 
12
0 Fahr., they failed to show any signs forme.. papers, many (If them in a condition 
of life. for emitting spores. A portion of this ma- 
tel.ial was evaporated at the temperature of 
150 0 . Dust from it was diffuEed through 
the TYndall chamber, find, after the heavier 
particles had settled, in the course of four 
and a Ilalf hours, ten small glass basins 
filled with Cohn's nutritive fluid, freshly 
prepared, were introduced, six being open 
and four cOH'red with glass lids. In this 
condition they "ere left for twenty-four 
hours, and then the lids were removed from 
the four covered "\"'essels. Afte.' four day
, 
" calycine" monads were found in all the 
first six ve
sels, and, in smaller numbers, 
the " 
pl'inging "sort. Two days later the 
four vessels" ere examined; in three there 
were no calycine monads, and very fe'Y in 
the fourth; all E'xhibited the springing 
monads. The reason of this is probably to 
be found in the fact that the germs of the 
calycine monads are larger than those of 
the springing sort, 2.nd settled down first 
from their state of suspension in the air. 


Tile PbrnOmtD:l of Dypnotism. - Dr. 
Ueubel, in Pjlüger's A.rcltiv, rejects Czer- 
mak's explanation of hypnotism (see THE 
POPULAR SCIENCE :MONTHLY, vol. iii., p. 618, 
vol. iv., p. 75), as also the explanation of. 
fered by Kircher and Preyer, and thinks 
that all pre.ious investigators of this phe- 
nomenon have witnessed only its first stag
 
-that which is mORt easily induced in ani- 
mals of relatively high organization. Cold- 
blooded vertebrates, such as the frog, may be 
reduced to a state of complete immobility at 
will; they wilJ remain in a constrained posi- 
tion for hours, in
tead of seconds or minutes. 
This abolition of voluntary movement and 
of consciousnegs is, according to the author, 
nothing but ordinary sleer. He holds that 
the waking state requires for its mainte- 
nance a continual stimulation of the higher 
nel'\'OUS centres by impregsions conveyed to 
them along the various centripetal nerve- 
fibres. By forcin
 an animal to remain mo- 
t:onless for a brief interval ( without inflicting 
pain), and simultaneously excluding visual 
and auditory sensations from its I)rain, we 
suddenly deprive its nerve-centres of a large 
proportion of their accustomed stimuli. Ac- 


cordingly, they are unable to remain awake 
and their functional activity is only restored 
to them when they are roused by some im- 
pulse from without. Having satisfied him- 
self in a variety of wa) s of the correctness 
of this explanation as applied to the phe- 
nomena exhibited by the frog, IIeubel pro- 
ceeds to extend his results to birds and 
mammals, and arrives at the conelusion that 
" fOJ'ced sleep n will ac
ount for all the facts 
hitherto observed. 


A Solar DistiIJery.-M. Mouchût lately 
described, at a meeting of the Paris Acad- 
emy of Sciences, a very convenient solar 
alembic. The mirror is fifty centimetres in 
diameter, and the kettle holds one litre of 
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wine, w
ich begins to boil on being exposed I districts-was excessively dry. Xo north- 
to the sun for not over half an hour. The ern winlls occurred to cool the air, and 
vapol' of alcohol i:3 thcn conllensed in a ' rrof. Loomis thinks the gre<lt exccss of 
worm. The brandy thus obtain ell is very heat may be attributed to the hot bouth 
agreeable in flavor, no matter what kind "inds already referred to, and, secondl}, tl1 
of wine is used. It possesses an aroma the accumulaleù effects of the sun's radia. 
resembling that of Kirsehwa
:-èr. "It suf- tion. 
fiees," adds )1. Mouehot, " to fiU the kettle In the second part of the paper the 
with water, and then to interposc between movements, form, and distribution of rain 
it and the worm a receptacle containing areas south of latitude 36;) are considered. 
sweet-smelling leaves snll flowers, in order When two or more inches of rain falls with- 
to obtain all the essences yielded by distil- in eight continuous hours, we have a "great 
Iation." rainfall." It appears that such rainfalls do 
Dot usually continue more than eight hours, 
and only vcry rarely do they continue t"en- 
ty,four hours, either at one station or at 
t3uceessive stations. 
It is shown that, on the Gulf and _Ulan- 
tic border, the great rainfalls ar
 t" ice as- 
frequent on the coast as at 2ÛO miles 
inland from it. ...\. cause assigned is the 
rising of the air from the ocean as it im- 
pinges upon the land, and the consequent 
condensation of it:3 vapor. This movement 
of the air a
sumes a cydoidal direction, as 
was found to be the case in a great number 
of instances, the motion being from right 
to left, in the åirection contrary to that of 
the hands of a waten. " lIence, every great 
rain-storm should be accompanied hy an 
inward and eycloidal motion of the air." 
In the distribution of fifty-two cases of 
great rainfall by sea
ons, it was found that 
forty occurred ill summer and autumn to 
twclf'e in winter and spring. K orthward of 
latitudc 36 0 the difference was still greater, 
being as five to one. It is thus shown that 
great raÏJ.fal1s are mo
t frequent when the 
sun's heat is greatest, and the air contains 
most vapor. 
The hours of the day have a direct rela- 
tion to grmt rainfalJs. Thus, they most fre- 
quently occur before 4.35 P. M., and sel- 
domest at 11 P. M.; only eight out of fifty- 
two instances are reported by the night ob- 
servations made at 11 P. M. 
The area of greatest rainfall i
 found to 
be "ithin that of the cycloidal movement 
of air, but not at the centre of low pressure. 
It is almost invariably eastward from it, 
sometimes more than 250 miles. Thus, a 
storm-area, as previously shown by Prof. 
Loomis, usually assumes an oblong shapc, 
the long radius of which is ahead of the 


The Florida Corkroath new to jmcrl- 
tan S('ienct.-It is somewhat remarkable 
that, in certain parts of Florida, living is 
made almost impossible from the presence, 
in amazing numbers, of a cockroach .not 
known North. The queer thing is that, 
while this pest has been long known in 
}'Iorida, the fact has escaped the knowl- 
ellge of scientific men. :Mrs. Treat lately 
sent specimens to Ploof. S. H. Scudder, the 
orthopterist, who was surprised to see 
them, and pronounces them the Pt:ripla- 
netJ. Australasia of Fabricius. 


Dleteorological.-A sixth paper hy Prof. 
Loomis is published in the A,no-iean Jour- 
nal of Science for January, giving" results 
derived from an examination of the obser- 
vations of the United States Signal Ser- 
vice." The object of this important series 
of papers is to generalize ,'esults, using as 
data the vast amount of observations made 
in all parts of the United States. . 
In this paper, Prof. Loomis considers 
first the period of unusual heat which oc- 
curred in June, 1873. The thermometer 
rose to 108 0 at one point-Fort Suny-and 
to 95 0 and 100 0 at other points, for several 
days in sllccession, indicating a temperature 
20 0 above the mean for the month, The 
heated area was n0l1h of latitudc 39 0 , and 
cast of the Rocky Mountains, and advanced 
slowly eastward to 'Vestern X ew York. 
It appears that the heat waS over a 
well-defined ar@a, which \"\ as also an area of 
depressed barometer. There was also a 
gentle movement of air from the. south 
into that area, which accountg for some of 
the excess of heat; but the rcgion where it 
arose-Colorado, Montana, and contiguolls 
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storm, in or near the general direction of 
its motion. 
At stations northward of latitude 36 0 , 
observations show that great rains are ac- 
companied by easterly winds i but, at the 
more southcm stations of the district, the 
winds are north of cast; while, at the north- 
ern stations, the winds are from south of 
east. ''"hen the wind blows from any othcr 
quarter, it is usually ligllt. 
This paper, like others previously pub- 
lishcd, presents, with the diagJ'ams which 
have been published with them, the general 
phcnompna of atmospheric movements with 
clearne
s and precision, and will speedily 
super
ede the vague speculations concern. 
ing there which have so much occupied the 
public mind. 


A Rapadoos Fish. - The Serrasalmo 
pira!Ja, found in all the rivers of Guiana, 
is doubt1es
 one of the most voracious of 
fishes. 'l'he genus SerrasalmQ (literally 
"serrated salmon," because of the double 
row of serratures on the belly) can hardly 
be classed with Salnwnidæ, from which they 
differ both in general appearance and in 
habits. The S. pira!lfJ. is a small fish, sel- 
dom excceding one foot in length, but Jct 
theJ'e is no animal that it will not attack, 
man not excepted. Alligators, hor
es, as 
well as fishes oftentimes ten times their own 
weight, are preyed upon by the pirayas. 
In attacking a fi
h they begin at the caudal 
fin, and the victim, being thus lcft without 
the principal organ of motion, is devoured 
with ease, several pirayas sharing in the 
meal. They often bite a piece out of a 
horse's leg when passing through the wa- 
ter. The feet of ducks and geese which 
are kept in the neighborhood where pirayas 
are plentiful, are almost invariably cut off, 
and the young ones devoured. In such ]0- 
calities it is unsafe to bathe, or even to 
wash clothes, in the river, many cases hav- 
in
 occurred of fingers and toes being cut 
oft' by them. Schomburgek, in his "Trav- 
els in South America," from which most of 
these particulars have been d'erived, states 
that these fishes are U caught with hook 
and line, and thei.r greediness is so great 
that no art is necessary to conceal the bait. 
The hook may be baited with a piece of 
fish, bird, or animal, or merely their en- 


trails; the piraya will dart at it the instant 
it is thrown into the water, and seize it with 
eagerness, but it frequently happen:; that 
with its sharp teeth it bites the line, and 
escapes with the hook in its mouth. 'Ye, 
therefore, surrounded the line where it was 
fixed to the hook, the lcngth of two or 
three inches, \\ith tin or lead, and though 
it had a clumsy appearance we were not 
less successful. Some precaution is neces- 
sary even dftcr the fish has been lifted out 
of the water, or it will inflict in its strug- 
g]es serious wounds; the angler has, there- 
fore, a small bludgeon ready, wherewith its 
skull is broken." 


Stil'oee alld '.cotiJation.-8undry mem- 
bers of tbe Paris Academy of Sciences, at a 
rec
t session, expressed themselves very 
strong]yas to the defective ventilation of 
the hall in which their meetings are held. 
Saiù 
I. Bouley: "The air here is unfit to 
breathe; the thing admits of no excuse; 
instead of gas, I wish we had again can- 
dles, as in former times." 
L Leverrier: 
"I asked for lighting with gas, but I had 
also asked for another mode of ventilation; 
but, with regard to this, there has been no 
change. Howeyer, Gcneral Morin is a mem. 
ber of the Acaùemy, and, in eight days, 
proper apparatus for ventilation might be 
set up, if we 80 wished." General Morin: 
U Eight days! Ten years ago, the setting 
up of such apparatus was in principle de- 
cided on." Leverrier:" The present con- 
dition of things is simply disgraceful i no 
other hall is so badly ventilated as the hall 
of the Im;titute." The eminent astrono- 
mer, were he to inspect critically the as- 
sembly halls of scientific and legislative 
bodies in other countries, would doubtless 
find abundant reason for retracting this se- 
vere judgment. 


Illtestiosl Cnl('oli In lIorses.-In Eng- 
land and Continental Europe large num- 
bers of horses die annually from the effects 
of calculi in the large intestine or in the 
cæcum. Of these calculi, Dr. T. L. Phip- 
son writes in the Chemical lÙw8 that they 
often begin by being triangular, or some- 
times perfectly square, with rounded edges 
and corners, and become finally circular. 
In aU cases they are formed of highly-crys- 
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ta1line concentric layers, and attain to eigh- 
teen or twenty inches in diameter. This, 
hc thinks, is the greatest size they can at- 
tain. When so large as this, they press 
out the sides of the intestine, producing in- 
flammation and violent pain, which causes 
the animal to roll about in agony, and, soon- 
er or later, kills him. They consibt mostly 
of phosphate of ammonia and magnesia, 
and the amount of organic matter is not 
great. This salt the author refers to the 
grain fed to the animals, and he raises the 
question whether grain is not for the horse 
n highly-artificial food. lie is of the opin- 
ion that repeated doses of very dilute hy. 
droehloric acid, say two to five per cent., in 
water or spirit, if it can be made to reach 
them, would quickly destroy the largest of 
these calculi. The lime in the water drunk 
by horses has nothing to do with the pro- 
duction of these concretions. It originates 
in the food, and is, in a larg
 measure, due 
to a want of salt in the grain. Hence, 
working-horses that are hi
hly fed should 
have lumps of salt to lick, and have salt in 
their food, and plenty of water to drink. 
The ventilation and drainage of stables is 
another important consideration. }fany 
valuable beasts, after a hard day's work, 
p:tss the night in an atmosphere loaded 
with fumes of ammonia. 


A.bnormal Frnit
.-Some abnormal fmits 
of the pear-tree, in appearance like very 
large acorns, having been exhibited at n 
meeting of the Academy of K atural Sci- 
ences of Philadelphia, Mr. Meehan took 
occasion to explain that a fruit is a modifi- 
cation of both leaves and branch. When 
a bud, he said, is being formed in the 
apple, pear, or similar trees, it may finally 
be either a flower-bud or a bud producing 
a new branch. Varying phases of nutrition 
decide this question. Exactly the nature 
of this variation we do not know; but we 
do know' that the growth-force in the bud 
is arrested by some law of nutrition, and, 
im:;tead of an elongated branch, "hat would 
be its series of spirals are drawn together 
closely, and the whole modificd and made 
to form a flower. Thus, in the pear, it 
takes five buds to form one full cycle on a 
branch. 'Vhen growth is arrested to form 
a flower, this first cycle is transformed into 
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a fhoe-Iobed calyx, and generally this be- 
comes much enlarged and fleshy, and cov- 
ers all the other cycles of buds, which go 
to make up the inner layer of fle8h termi. 
nating in the petals, cal1)CIs, or core, and 
so on. In the cJ.:ie under consideration the 
al'resting force" as imperfect. It had suc- 
ceeded in forming th
 outer or calycine 
vertici1late series of buds into a fleshy mat- 
ter, giving what here might be called the 
cup of the" acorn;" but then the acceler- 
ating or branch-producing force gained a 
temporary advantage, and pushed on, form- 
ing the acorn-like centre, but only to be 
soon again arrested. This abnormal pear 
was, indeed, nothing more than an effort of 
the tree to produce a branch after a fruit 
had been decided on-a struggle", hich was 
finally decided in favor of the fruit. 


IXltlanation of the Ball-Paradox.-Reu- 
leaux offers the follo" ing explanation of the 
curious phenomenon of a ball being sup 
portf'd in air by a strong air-current di- 
rected obliquely upon it at an angle of 35 0 
to 4û o from the vertical: The pretty thin 
air-current, on reaching the ball, is deflect- 
ed on all sides, and therf'fore more or Jess 
rarefied in its interior. Accordingly, the 
atmosphere presses the Lall in the direction 
of greatest rarefaction, or the mean force 
of the rarefactions, toward the orifice. The 
weight of the hall acts vertically downward. 
Equilibrium occurs between the obliquely 
acting force of the current and the two 
forces just named, when the mean force of 
the latter is parallel to tIw action of the 
current. This ean only take place when 
the ball has its centre under the axis of the 
current. There are then two forces which 
put the ball in rotation. If the finger or 8 
rod be brought to the place of supposed 
minimum pressure on the ball, the latter is 
forthwith driven off (the vacuum being de- 
stroyed), or falls down. 


Sut't'e!'!iful f.\se of Trau!'fu!'lon or Blood. 
-A case of successful transfusion of blood 
is recorded in the Lancef. The patient, a 
clerk, twenty years of age, was completely 
demented, hyperæmic, anæsthetic, and cata- 
leptic; refused all food; dribbled constant- 
ly. The pulse wag very feeble, rate 70, res- 
piration 24. His state" as one of profound 
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anæmia. A student in St. Thomas's Hos- A FÎ
lting. Spid('r.-" Just before the 
pital volunteered to supply the blood for late war," writes the authol. of a communi- 
the operation. The patient received 200 cation in the Am..erican Naturali.st, "I was 
gl.ammes of blood without showing any bad at Colonel Oakley Bynum's spring, in Law- 
symptoms; he even gave evidence of be- rence County, Alabama, neal. the town of 
ing roused fl.om his habitual torpor. Three Courtland, whel.e I saw a school of min- 
hours after the operation, the patient, who nows playing in the sunsbine near tbe edge 
had, in the mean time, been placed in a of the watel" All at once, a spider, 38 
warm bed, and had taken doses of tea and lal.ge as the end of my fingel., dl.opped 
bmndy, had a fun pulse, rate 90, respira- down among them from a 11.ee hanging over 
tion 28. lIe ans,\ered to his name and the spdng. The spider seized one of the 
spoke a few worùs, rubbed his face with minnows Dear the bead. The fish thus 
one of his hands, opened his eyes, amI seized was about three inches long. As 
swallowed voluntarily. Five hours latCl. soon as it was seized by its captor, it s'\mm 
tbe pube was 1UO, strong, respiration 30. round swiftly in thfl water, and fl.equently 
The following day the pulse was 9ô and dived to the bottom, yet the spider held on 
respiration 28, and the patient ate and to it; finally, it came to the top, tumed 
drank well and often. Toward evening the I upon its back, and died. It sCflmed to 
pulse was 90, re
pil'ation 28, and he spoke I bave bf'cn bitten 01. wounded on the back 
aud answered slowly when spoken to; said of thc neck near where the head joins. 
he had no pain. FOUl. days latel. the symp. When tbe fish was dead, the spider moved 
toms still coutinued to be favorable. The off" ith it to the shore. The limb of the 
process of tmnsfusion was to be repeated tl.ee from which the spider must haye fallen 
by the physichns, the results being so en- was between ten and fifteen feet above the 
com-aging. water. Its success sl:ows that it had the 
judgment of a practical engineer." 


Prodnftion of SnlpJmrocs Add for r
(' 
8S a ))hiuffttant.-Sulphur-fumes (sulphur- 
ous acid) have fwm time immemorial been 
employed to fumigate and purify infected 
air, but the ordinary method of producing 
the fumes by buming sulphur is cumbl.ous 
and very uncertain. 1tk T. 'V. Keatcs of- 
fers in the Lancet a ready and simple means 
of effecting this object. In:-;tead of sulphur, 
he proposes to use bisulphide of carbon, a 
compound consisting of two atoms of sul- 
phur and one of carbon. It is a dense, mo- 
hile liquid, heaviel. than water, and intensely 
inflammaùle. Dm.ing combustion the eon- 
stituents of the bisulphide combine with 
the oxygen of the ail., producing sulphurous 
and carbonic-acid gases, the former greatly 
exceeding the latter in quantity. The bi- 
sulphide can be burned in a common spirit- 
lamp, or it may be mixed with oils and 
burned in an oil or kerosene J.amp. Any 
proportionate quantity of sulphurous acid 
can in this way be thrown into an atmos- 
phere, and the action may be continued fm. 
any length of time. As bisulphide of car- 
bon is extI.emely volatile, the lamp sbould 
be furnished with a well-fitting screw-cap, 
to prevent loss by evaporation. 


Qcalihdive Dftermination of Potassß.- 
Carnot offers a new and simple process for 
the qualitative detection and the determi. 
nation of potassa, hitherto one of the most 
delicate operations in analytical chemistry. 
It i8 as foHows: In a few drops of hydl.o. 
clllol.ic acid, one part of the subnitmte of 
bismuth, say half a grammc, is dissoh-ed, 
and then, in a few cubic centimetres of 
watel., m.e dissolved about two parts (one 
p.amme to one and a quarter) of crystal. 
lized hYP08ulphite of soda. The second 
solution is poured into the first, and con- 
cen11.ated alcohol added in large excess. 
This mixture is the reagent. If brought in 
contact with a few drops of the solution of 
a potash salt, it at once gives a yelJow pre- 
cipitate. "Tith an undissolved potassic salt 
it produces a decidedly yellow coloration, 
easily recognized. AU potassic salts with 
mineral a.cids are susceptible of this reac- 
tion; it is also very sensitive witb the or- 
ganic salts-tartrates, citrates, etc. The 
J'eaction is not interfered with by the pres- 
ence of other bases, with which nothing 
analogous is produced. The character is 
therefore perfectly distinct. Baryta and 
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strontia alone may occasion somc difficulty 
by rcason of thc white pl.ccipitates of double 
hyposulphitcs, which thcy fm.m ,\ ith thc 
same rcagcnt; but it is vcry rare to meet 
thcm along with potassa, and thcy are very 
casily dctccted and removed. 


PrcVt'lltion of Fh'cs in toal-
lille!õ.-In 
an addl.css on 6.I'es in mines, 1111-. Hichal.d P. 
Rothwcll aflh.ms that thc most cfficicnt prc- 
ventivcs of sllch fircs, from ,\ hatcvcr cause 
they may come, are to be found in educa- 
tion, in increased knowledge of thc causcs 
of fin
s, and a bettel. apPI.cciation of thc 
working of these causes. lline-managcI.s 
he would compel to undm.go strict cxamina- 
tions, nOlO would he allow anyone to undcr- 
take the responsible duties of this place 
without a cedificatc of competcucy f1.om a 
qualified board of examinm.s. lie would 
not, however, stop hel.e, but would have th
 
miners thcmselves instI.ucted as to the causes 
and pI.eventivcs of the dangel.s they mcet 
with in theil. work. Special frec instructi on 
upon thcse points might be furnished at 
evCl.y colliery; and this could douhtless be 
accomplished by cncouraging the giving of 
populal. lectUl.es, by practical miners and 
engincers, on subjects of intel.est to the 
minel., and by giving small prizes to those 
who pass the best examination on suùjects 
of daily pmctical application in thcÍl. call- 
ing. Greatci. knowledge always makes bct- 
tel' workcrs, and minc-owncl.s would find in 
this a good return for thc expense incurred. 


Etooomy of the Eledrir Li
bt.-In a sc- 
des of experimcnts on electric light, PI.of. 
"T. A. .Anthony used an electro-magnetic 
m:lChine of thc Gramme pattern, driven by 
a five-horse Brayton petmlcum-enginc. The 
engine consumed a little over ß! pounds of 
cr;de petrolf'um pel. hour. The lamp u4,'(1 
in the engine, by which the e
plosivc mixt- 
ure is fired, bad a one-inch flat wiek, and 
consumed 29.8 grammes (439 grain8) of oil 
pCI' hour. The power rcsulting from the 
motion of the 
ngine, when applied to the 
electric machine, Pl.oduced a sll.cam of elcc- 
tricity or electdc light havin
 an illuminat- 
ing power equal to that of 2:34 of the lamps 
mentioned, showing that three times more 
light may be produced f1.om a given quan- 
tity of oil, if its encrgy is converted fil.st 
into mechanical power and then into elcc- 
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tricity, than if thc oil is dh.cct1y burncd in 
a lamp. 


Southern Illinois Aradem J or Sdt'DU.- 
Thc 80uthcm I1linoi
 Academy of Scicnce, 
a ncwly,founded scicntific association, with 
it
 scat at Carbondalc, has for its ohjects 
the invcstigation-I. Of the cthnology and 
hist01.y of Southern Illinois, incluùing its 
antiquitics and aboriginal remains; 2. The 
geology, botany, and zoülol!Y, of that scc- 
tion; and, 3. To encoumge thc production 
of odgillal papcrs on thc ahove, and on 
spccial mathematical, astronomical, and mc- 
teorological 
uhjccts, as wcll as on the origin 
and meaning of thc names givcn to localitics 
by the Indians and the 6.r:-:t whitc settlcrs 
of the countl.y. Thc .Acadcmy is engag(>d 
in making a collection of matcrials illush.a. 
tive of the field of research to "hich it has 
dc\"otcd itself, and ha
 bsucd a ch.cular 
calling for contributions of archæological 
and ahol.iginal rcmains, hi:.torical notcs, 
maps, sketches of mounds, natural history 
spccimens, etc. The 
eCl.et
u.y of the .Acad. 
emy is Prof. GI.anvillc F. 
'oster, Carhon- 
dale, Illinois. 


Thrfatt'ot'd Ernption of 11onot \"f
n- 
vins.-F01. many weeks 
ount Y csurius has 
been threatening an eruption. Pmf. ßo
.d 
Dawkins, who visited the volcano in Janum.y, 
found, on arriving at thc mouth of the cm- 
tm., that it was fill(>d with dcnse vapor like 
a fog. 
\ low, roal.ing noi:;c could bc beal.d, 
and occasionally there was a fla:,:h of light, 
probably the reflected glal.c of the lava SUl'g- 
ing about in the volcano. Cndi:;ma) ed h} 
these symptoms of intcrnal disturbance, 
Prof. Da\\ kins went down se' en 01. eight 
fcet bclow the cI.ater's edp-c, and found that 
he could light pieces of papcr in holcs "hich 
he duO' with his hammel. in thc black ash on 
the i:side. lIe is of the opinion that Ye- 
suvius pCI-fom1s the duty of a safcty-valve 
to a vcry large pOl.tion of thc earth. .At pres- 
ent the mountain is in a vm.y l.estl
ss sta.te, 
an thCI.e may be an outbl.eak at any mo- 
ment. The event is looked fm. with great 
interest by the inhabitants of Xaples, as it 
"ill bring. sight-seel.s from all parts of the 
"orld to thcir city. 


The fhalleo!!er foll(>('tlon.-The collec- 
tions of marine animals made by the Chal- 
lengcr Expedition are dcclarcd by Prof. 
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Agassiz to be in a better state of preserva- 
tion, and their localities more accurately 
noted, than is the case with any similar 
collection he has seen. To give an idea 
of the magnitude of the Challenger collec- 
tions, he says that if a single individual, 
possessing the knowledge of the eighteen or 
twenty specialists in whose hands they are 
to be placed, were to work them up, he 
would require fl'om seventy to seventy-five 
yeal-s of hard wOl.k to bl.ing out the results 
which the cal.eful study of the different de- 
pal.tments ought to yield. At the same time 
Prof. Agassiz Obscl.ves that little that is 
new has been added by the Challenger Ex- 
pedition to the deep-sea fauna as developed 
ùy the Amcl.iean and English Expeditions 
of 1866 and 1869. Rcasoning from these 
premi
es, "we may safely say that while 
any new expel1itions will undoubtedly clear 
up many of the points lcft doubtful by the 
Challenger, and may calTY out special lines 
of investigation only pal.t1y sketched out, 
yet we can hardly expcct them to do more 
than fill out the grand out1ines laid down 
by the gl'cat English Expedition." 


No. 2 the ice was suspended in the tumbler 
in a cup made, as above descdbed, of good 
'Velsh flannel In five hours and a quar- 
ter the flannel cup was more than half filled 
with water, with some pieces of ice floating 
in it; in another hour and a quarter the 
flannel cup was nearly filled with water, and 
no ice remained. In tumbler K o. 3 the ice 
was suspended in a flannel cup made in the 
same manner and of the same material as 
in No.2; but in No.3 a hole capable of 
admitting a quill pen had been made in the 
bottom of the flannel cup, with the effect 
of protracting the total liquefaction of the 
ice to a period of eight hours and three- 
quarters. In tumble 1. No. 4 the ice was 
placed in a flannel cup made, as above de- 
scdbed, of cheap, open flannel, "hich al- 
lowed the water to drain through very l.ead- 
ily. Ten hours and ten minutes elapsed 
beforc all this ice had melted. 


Grote's TIJCory of tbe PeopJing of Arner- 
ItD.-Pl.of. Gl.ote's theory of the original 
peopling of America, as stated in recent 
papCl.S, is that the original inhabitants 
came from Asia by way of the north dur- 
Prrsrrvation of Ite in the Sitk-Room.- ing the lattcr part of the :Miocene or ear- 
Dr. Gamgec, in the Lancd, suggcsts a good Hel. part of the Pliocene, and that this Ter- 
method of prescrving ice in small quantity tiary population spread to the south along 
for a considerablc time at thc bedside of a the mountainous backbone of the two 
sick person. I1is Pl.actiee is to cut a picce Amedcas; that, on the advent of the 
of flannel about nine inches square, and se- Glacial epoch, the pcople then living in 
cure it by Ii gat me round the mouth of an 01'- the extl.eme north wel.e modified by the 
dinal.y tumblcr, so as to leave a cup-shapcd change in climate and were bl.ought do"n 
depression of flannel within the tumbler to by the ice find followed it back again to the 
about half its depth. In the flannel cup arctic ch.cle, anù that the Pl.esent repre- 
so constructed pieces of ice may be prc- sentatives of glacial man are the Esqui- 
served many hours, all the longel. if a piece maux. Through a study of migrations 
of flannel from four to fivc inches square Prof. Grote comes to the conclusion that 
be used as a loose cover to the ice-cups. the ice must bave acted as a barrier to 
Cheap flannel, with comparatively open fudher communication between the two 
meshes, is preferable, as the water easily continents of Asia and Korth America, and 
drains through it, and the ice is thus kcpt consequently that the civilizations of Cen- 
quite dry. 'Vhen good flannel with closc tral .America and of the mound-builders are 
text'.1re is cmployed, a small hole must be indigenous. Grote concludes that the the- 
made in the bottom of the flannel cup, other- Ol.y of an accidental migmtion from Asia 
wise it holds the \\ater, and facilitates he during the Quaternary cannot be SUPPol.ted. 
melting of the ice. In a room with a tem- in view of recently-ascertained facts. In a 
perature of 60 0 Fahr., Dr. Gamgee made the letter dated February 11, 18'7'7, Captain E. 
following experiments with four tumbICl.s, L. Berthoud (of the School of Mines at 
placing in each two ounces of ice bl.oken Golden, Colorado), who has studied the ge- 
into small pieces. In tumbler Ko. 1 the I ology and archæology of the 'Vest since 
ice was loose. It had all melted in two 1859, writes that Grote's theory "solves 
hours and fifty-five minutes. In tumbler many knotty points in the antiquities and 
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prehistoric vestiges of Colorado." C.lptain 
Berthoud believe::!, from his obscrvations, 
that man existed in the Rocky 
[ountain 
region prior to the dcpo:::it of gold in the 
Colorado mountain-8Iopes, Cr
ek, Bal., and 
}'lacer diggings, about latitude 39 0 30' to 
41 0 nOl.Ul. Captain Berthoud has not only 
found flint tools and chips in the gold-bear- 
ing glacial dt'ift, "ith remains of fossil 
elephants, but al80 in the drift of older 
date below this gold-bearing drift. Flint 
tools have been also found in company with 
cstuary shd]s of not later age than older 
Pliocene as detel.mined by Prof. Conrad. 


The Decline of Sava
f RatfS.- Yil.chow, 
in an address upon the present position of 
antlu.opology, makes a few vel.y just obser- 
vations upon the suhject of the decline of 
savage races in the presence of civilized 
man. Thus he rernal.ks that \\ e must not, 
in the case of an entirely isolated peoplc, 
judge of their capacity for culture from the 
signs of it which exist. The extinction of 
uncultured races, he thinks, is rather to be 
ascdbed to the Larbarousne
s of Euro- 
peans, and to their incapacity to educate 
savage
. There is no evidence that un- 
civilized races must become extinct-in- 
deed, the contrary is proved by the history 
of Europeans themselves. If the civilized 
pcoplc of the present day are the Pl.oduct 
of a highel. development, we cannot l.egard 
the possibility of such a development as a 
cause of the extinction of raCcs in the same 
stage of cultm.e once occupied by om.selves. 


Estimation of jl('01l91 in 8 Wiltery Jlid- 
nre.-Dl.. 'Verner Siemens has dc
igned 
an ingenious apparatus, by which a stream 
composed of alcohol and water, mixcd in 
any proportion, is so measm.ed that one 
train of counter-wheels recOl.ds the volumc 
of the mixture, whilc a second countcr 
gives a true l.ecord of the amount of abso- 
lute alcohol contained in it. The Pl.inciple 
is described as follows: The volume of 
liquid is passed through a revolving drum, 
divided into three compartments by ra- 
dial divisions, and not dissimilar in ap- 
pearance to an Ol.dinary wet gas-mcter. 
The revolutions of thi
 drum produce I;L 
record of the total volume of passing 
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liquid. The liquid on its way to the meas- 
uring-drum passes through a receiver con- 
taining a float of thin metal filled "itb 
proof-spirit, which float is pal.tiaUy sup- 
ported by means of a cal.cfully-adjusted 
spring, and its position determincs that of 
a level', thc angular position of which 
causes the alcohol-counter to rotate mOre 
or less for every revolution of the mcas- 
udug-drum. Thus, if water only pa::.ses 
through the apparatus, the lever stands at 
its lowcst position, and then the rotative 
motion is not communicated to the alcohol- 
counter, and this motion is rendered strictly 
pl'opOl.tionate to the alcohol contained in 
tbe liquid, allowance being made in the in- 
strument for the change of volume due to 
cheI!1ical affinity lJeh\ ecn the t\\ 0 liquids. 


Prrsrffation of Iron against nD
t.-'Ye 
find in Van }tostranà's EnfJineerillfJ lJ[(lfJa- 
zine an account of Dr. William II. Sterling's 
process for preventing the rusting of iron. 
The principle of this system, we are in- 
formeù, consists in the saturation of the 
Í1'on with a non-oxidizing 01. non-oxidizable 
suhstance whilc the iron is in a properly 
heatcù anù expanded condition, proùueed 
lJy heating in a vacuum or in a 
imple 
chamhcr. One method of applying this 
system is given as follows by the inventor: 
" A vessel of iron, or any suitable material 
of sufficient stl.ength, is made in the fOl.m 
and size be5t adapted to the shape and di- 
mensions of the iron" hich is to be treated, 
with the lid so constructed that the vessel 
may be closed hermetically, and at the bot- 
tom suitable pipes are armnged for convey- 
ing steam and water alternately, for thc 
purpose of hcating and cooling the inte- 
rior." 
uitab]y connected with this vcssel 
is a power-pump to produce the necessary 
pressure, also appliances for ohtaining a 
vacuum. The iron is now heated to the 
desired degree and placed in the vcssel, 
the top closed hCl.metical1y and superheated 
stcam turned into the pipes at the bottom, 
to keep the metal at the required tempera- 
ture; at the Same timc an atmospheric 
vacuum is produced by an ordinary air- 
pump connfleted with the chamber; the 
propcr quantity of pm.c paraffine, havin
 
been also previously heated, is now let into 
this chamber and forced under prc:,dure into 
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the interstices of the iron, saturating it. 
'Vhen the imn has" remained under this 
liquid pressure a sufficient time, it is grad- 
ually cooled by turning ('old water instead 
of steam into the pipes, the pre

Ul.e being 
kept up, howevpr, until the iron is cool. 


erty of the students, while the remainder 
will be di
posed of to such local societies, 
colleges, and schools, as may desire to pur- 
chase them in advance by taking shares at 
$10 each. The terms for admission to the 
school are very reasonable, viz., not to ex- 
ceed s:\lt5 for thirty days, and 83.50 for 
eaeh additional day. This, however, does 
not include the expenses of inland trips: 
such trips wiU only be made by such pupils 
as desire to take part in them, and will be 
so arranged as to require the least possible 
expenditure. 


De
t:l'ndion of ßh'ds by Trlt'grnpb- 
Wirc!S.-1t is the opinion of Dr. Elliott 
Coues that in the United States many hun- 
dred thousands of birds are yearly killed 
by telegraph-wires. Fro show that thi8 es- 
timate is not extravazant, he cites his o\\n 
observatíon while journcyin!; on horseback 
from Denver, Colorado, to Cheyenne, W"yo- \finte['-Qoarters in the Ardi
 Re
ion
. 
ming, the road for a considerable part of -The ship Discovery, of last year's llrit- 
the way coinciding with the line .of the tele- ish Arctic Expedition, wintered in latitude 
· gmph. 'l'he most abundant birds of that 81 0 40' north, longitude 64 0 30' west, in a 
region at the time (October) were horned well-
h('ltered inlet directly oppo!;ite to the 
larks and Macco" n's bunting. "Almost wintCl.-qu:uters of the Polaris. Here she 
immediately upou riding by the telcgraph- lay imbedded in the ice for ten months and 
wire," writes Dr. Coues in the .American a half. In preparation for the ]ong winter, 
...Yaturalh,t, "I noticed a dead lark; and aß a layer of snow ten or twelve inches thick 
I passed several more in quick succession, was laid on the deck, but as it was found 
my attention was aroused. The pOE'ition not to bind, it was mixed with aEhes and 
of the dead bil.ùs enaùled me to trace cause 1 water, and soon made a good macadamized 
and effect before I actually witne
seù a case road. Then snow "as piled up outside the 
of the kiUing. The hodies lay in every I .=;hip about fifteen or twenty feet thick. This 
in
tallce nearly or dirertly ùeneath tll(> and the layer on deck kept the "armth iu 
wire. .A erippled bird was occasionally the ship, and the temperature in the lower 
seen fiutterin
 alon
 the road. llecoming I deck ranged fl.om 48" to 56 0 . Between 
intere
tcd in the matter, I began to count, Ap,'il 26th and October 16th the ship's 
and desisted only after actuaJJy counting company shot thil ty-t\\"o musk-oxen, thirty- 
one hundred. iu the course of one hour's I six hares, six seals, and five eider-duek- 
Jeif;urdy riùin
-rl'presentin
 perhaps a I about four months' rations of fresh meat. 
disb.nce of three miles." During the hour I Captain Stevenson, commander of the Dis- 
he saw three bil'ds strike the wire; of covery, considers the long winter tbe most 
these one had a wing broken, and another enjoyable time of the wholp period spent in 
was dying in convubions. the arctic regions, tbe ship being very 
warm and comfortable, and all hands em- 
ployed in the work most interesting to 
themselves. 


Natural ßistory on the' Great Lakts.- 
PI'Of. Com
toek, of Cornell University, pro- 
poses to organize an aquatic school of nat- 
ural history for work during the summer 
along the shores of Lakes Erie, Hurou, and 
Superfor. A steamer is to be chartered for 
the use of the school, and inland excur- 
sions are to be made to the mining regions 
and other points of scientific interest. .A 
strong corps of instructors for zoölogy, 
uotany, geology, etc., will be engaged, and 
coHeetions will be made illustr'Üive of the 
work done in these various depal'tments. 
. A portion of the collection will be the prop- 


'-oite of the EJt'phant.-Aceording to 
Major Leveson, author of "Sport in )Iany 
Lands," elephants utter four distinct sounds, 
each of which is indicative of a certain 
meaning. The first is a shriU whistling 
noise, produced by blowing through the 
tnmk; this denotes satisfaction. The sec- 
ond is the note of alarm or surprise, a sound 
made by the mouth; it may be represented 
thus: pr-rut, pr-rut! The third is a trump- 
eting noise indicative of anger; when the 



animals are very much enraged, or when 
they are charging an assailant, this sound 
changes into a hoarse roar or terrific 
sercam. The fourth sound betokens dis- 
satisfaction or di:"tress; it is repeated fre- 
quently when an elcphant is separated from 
the herd, or is tired, hungry, or overloaded; 
it may be thus imitated: unnplt, urrnph. 


NOTES. 


'VRITTEY, as the little sketeh of II Audu- 
bon's :Flower" was, where access to books 
was impossible, and upon the memory of a 
reading of twenty years ago, I fear that, in 
the closing part, I may have overstated. 
It is not meant that Audubon named the 
flower, except conceptionaIly, or mentalIy, 
but that he did name it so far as a truthful 
bit of art could do, subordinated to a scien- 
tific conscience. S. L. 
DR. LAWSOY TAIT finds that, as a rule, 
the ear in women can perceive higher notes 
(i. c., sounds with a larger number of vibra. 
tions per second) than the ear in men. 
The highest limit of and ability for the 
human ear is somewhere betwepn 41,000 
and 42,OUO vibrations per second. Very 
few of the persons experimented on by Dr. 
Tait had equal sensibility to acute sounds 
b both ears the right ear usually hearing 
a higher note than the left. The sense of 
dire
tion of the sound in the human ear 
seems to be lost at a very much lower point 
than appreciation of the note. This, how- 
ever, is not the case with cats. 
O
 January 11th died Mr. Alfl.pd Smee, 
aged about sixty years. He was elected 
Fellow of the London Royal Society at the 
early age of twenty-one. Among his pub- 
lished works WCl.e the following: II Ele- 
ments of Electro-"Uetallurgy," "Elements 
of Electro-Biology," II Monogenesis of Phys- 
ical Forces," "The Mind of Man;' etc. 
KARL ER
sT "VON ß.AER, the eminent 
biologist, whose death occurred in .K ovem- 
bel', was born in Esthonia" February 12, 
1702. In 1819 he became Profe
sor of 
Zoülogy in the Köni
sberg "["niversity. lie 
was called to St. Petersburg in 1834, and 
was appointed librarian of
the Academy. 
He led a scientific expedition to the north- 
ern shores of Russia in 1837. He wrote 
several works on ZO()}o
y and botany, es- 
pecially those of Northern Russia. 
W' ILHEL
I F. ß. TIonIEIsTER, Professor 
of Botany in the "Cniversity of Tübingen, 
and author of several works on plant ph
 s- 
iolo
y and embryology, died on January 
12th, at the age of fifty-two years. 


.J.YOTES. 
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TIlE world of science has recently suf- 
fered another loss in the rleath of David 
Forbes, F. R. S., the geologist, at the early 
age of forty-eight years. lIe waS a great 
traveler, and among his published papers 
may be named tho
e on the " Relation of 
the.Silurian and Metamorphic Rocks in the 
Houth of Korway," and on the" Geology of 
Bolivia and South Peru." 
BLAYCA PEAK, in Colorado, the elevation 
of which was detel.mined last year by Hay- 
den's survey, is probably the highest point 
within the limits of the Cnitcd 
tates. Its 
height is 14,4G4 feet above the level of the 
sea. There are in Colomdo over fifty other 
peaks which rh;e more than 14 UOI) feet 
above sea-level. ., 
MR. ROBERT E. C. STEARS'S mcntions, in 
the Amuican .J.Yatll1"fllist, two remarkable 
instances of vitality in snails. Une snail, 
of the species Bulimus pallidior, lived for 
two years, two months, and sixteen days, 
without food, and at the end of that pe- 
riod appeared to be in pretty good health. 
Another, Helix Veatchii, lived without food 
from 185!) till 1865. Both of these species 
of snails are indigenous to nearly rainless 
regions. 


THERE is a pretty constant increase in 
the decennial number of plural childbÎlths 
in the kingdom of Pru!'sia. In the period 
between It;24 and 1834 this class of births 
amounted to 112 per 10,000 births, and the 
same pl.OpOl.tion was repeated in the suc- 
ceeding decennium. From 1844 to 1854 
the proportion was 114 to 10,000; from 
It;:>4 to 1864,123; from lR64 to 1874, I
R. 
Of these plural births, the immense majority, 
nearly 99 per cent., were twins. Triplets 
were somewhat less than 1 per cent. In 
over 6,000,000 births there "ere only 79 
cases of four at a birth, and one case of 
five at a bil.th. 
THE ATA'IASCO LILY.-A ncw form of' 
this favorite amaryllis. A. .Atamasco, has 
been found in Florida by )[rs. 
Iary Tl.eat. 
It is an earlier flower than the old form, 
and is larger and handsomer. 


IT was shted bv Mr. Sidebotham, at 8 
meetin
 of the Månchester Literary and 
Philosophical 
ociety, that aniline colors 
are now much used by artists both for paint- 
ings and water-color dl.awings. Rut, as 
ncarly all of these colors fade under the 
action of li
ht, no artist who wi
hes his 
work or fame to endure can afford to em- 
ploy them. 
YEARS di
tin
uished by a maximum of 
sun-spot!'! coincide very closely, according 
to Prof. Fritz, of Zürich, with years of ex- 
traordinary hail-fall, or unusual average 
height of th
 great rioers. 
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A SHORT time ago a number of fossil 
footprints, supposed to be human, were dis- 
covered in the carboniferous sandstone near 
:Metropolis, Illinois. A physician living in 
that locality, Dr. Gebhart, took plaster casts 
of the:òe footprints and sent a description 
of them, together with full details as to site, 
to Mr. Dm.win and other naturalbts. The 
almost unanimous verdict was, that the 
tracks wcre those of a sp{'cies of Labyrin- 
thodon. AccOl'ding to Dr. Gebhart, the ani- 
mals which madc these fossil tracks were 
most certainly bipeds. 
IN countries whel.e tbe coffce-tl.ee is 
culti\Tated the leaves are used to make an 
infusion which by many persons is held to 
be superior to the infusion from the berry. 
Hitherto they have not been an article of 
commerce, and the planter has studied to 
obtain as large a CltJp as possible of the 
berry, neglecting the leaves. But if a de- 
mand for the latter should sp6ng up in 
fOl.eign countries, the planter would find 
it as pl.ofitable to cultivate the coffee-tree 
for its lcaves as for its fruit. The berry 
would first be secmed, \\ ith a sparing usc 
of the pl.uning-knife, and then the leaves 
would be carefully gathercd and cured for 
exportation. The result would be in a 
great measme to drive out of the market 
the spuriou
 compounds that now too often 
are sold as coffce. 


IT was in 1865 that the phylloxera ap- 
peared in the vineyards of the soutb of 
:France; its ravages have been continued 
ever since. 'rhe department of Gard, 
which used to produce 126,000,000 gallons 
of wine, now yields not one-fourth as much. 
One commune, Castries, in the Department 
of Hérault, annually produced, before the 
appearance of thc phylloxera, 3,000,000 
gallons; one year latel. the product was 
250,000 
al1ons; three years later the vine- 
yards had been entirely destroyed! 
A SCIENTIFIC journal of Paris notes the 
occurrence of a peculiar phase of insanity 
among French cooks. It is caned folie des 
cuisiniers (cooks' insanity), and is due to 
the carbonic oxide given off by charcoal. 
stoves. The principal s
.mptoms arc hallu- 
cinations of 
ight and hearing, veltigo, op- 
pl.ession, and syncope. The patient 
ener- 
ally believes himself to be the victim of 
persecution. 
THE efficacy of the alkaline sulpho-car- 
bonates as u means of exterminating the 
phylloxera appears to have been demon- 
strated by expm.iments made by Mouillefert, 
at the instance of the Paris Academy of 
Sciences. It still remains, howf'ver, to de- 
"Vise suitable methods of employing this io- 
secticide. "Science," says M. MouiIIefert, 
" bas accomplished its mission, and it is now 
for agriculture to perform its part." 


EARL y in the present year a State Zo- 
ological Society was organized in San }'ran- 
cisco, with the object of collecting material 
for a public museum of Pacific coast rocks, 
fossils, ores, and all inorganic substances 
baving a bearing on practical geology. An- 
other purpose of tbe society is to Pl.ornote 
geological research. The coöperation of 
mine-owners and mining-engineel.s on the 
Pacific slope is solicited by the president 
of the society, so as to make the proposed 
collection fully representative of the geolo- 
gy of that portion of the United States. 
BETWEE
 
lce and Monaco is a locality 
so unhealthy that the Pal.is, Lyons & :Mediter. 
ranean Railway Company have been obliged 
to change every two or three months the 
watchman at the crossing there. Planta- 
tions of the eucalyptus have been formed at 
this place, and at preSel)t the same" atch- 
man has resided there for sevel.a] months 
with his famiJy without experiencing the 
1èast inconvenience. 
ON investigation, in Paris, of a case of 
lead-poisoning, no lead could be found in 
the rooking-utensils or in the food and drink 
of the patient. Lead was discovered, ho\\- 
ever, in a piece of a Roquefo!'t cheese, 
\\ hich was enveloped in a metallic 
heet, 
compos cd of 12 pal.ts of tin, f'fi of lead, and 
3 of undefined matter. The conclusion 
drawn \\ as, that the lead contained in the 
cheese was imparted to it by the em'elope. 
TRIALS have been made in Rerne of a 
solution of chloride of calcium as a sul,sti- 
tute for \\ atel. in laying dust in streets. 
The l'el'ults are said to be highly satisfac- 
t01.Y. The dampness communicated to the 
road, instead of disappearing quickly, as is 
the case when water alone is used, remains 
for a whole week. The road continues to 
be damp without being muddy, and presents 
a hard surface, on \\ hich neither the wind 
nor the passing of pedestrians or horses has 
any effect. 
SOME fifty )"ears ap:o two gal1gs of work- 
ers in a Belgian coal.mine were at variance, 
and one party made a fire so as to smoke 
out the other. The coal in the mine be- 
came ignited, and it continues to burn down 
to thc present day. Efforts have been made 
again and again to extinl!uil"h the fire, but 
in vain. Mr. Richard P. RothweJI, editor 
of the Engineering and lJlininfj Jom.nal, 
WI10 mentions this case in a paper on fires 
in mines, cites a few similar in!"tanees from 
the history of mining in the United States 
of seams of coal burnin
 for Eeveral years 
-as the Summit Hill Mine, near :Mauch 
Chunl\; the Greenwood Company's mine, 
near Tam aqua ; and others in Schu
 lkill, 
Carbon, and adjoining counties of Pennsyl- 
vania. Some of these mines have been 
burning upward of twenty years. 
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